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IUTRODUCTION 
The native vegetation of the mixed prairie of west-central Kanse.s 
was subjected to the worst drought on record during the period 1933 to 
1939 inclusive. Data secured from the United States Vfeather Bureau re-
veal the fact that precipitation during this period of drought was far 
below normal . The rainfall deficit as reported by Albertson and_ ··eaver 
(1942) was nearly 35 inches for this 7-year period. Other climatic fac-
tors such as wind movement, relative humidity, and temperature were 
equally abnormal. 
The extreme drought perioc greatly modified the ve~etation of the 
mixed prairie and the snort-grass disclimax. The basal cover in these 
t-wo types of vegetation before the drought ra:::iged between 65 and 95 per 
cent. During the 7 years of deficient rainfall, however, this cover was 
reduced to nearly zero in many places and an average cover of 1 to 20 
per cent was co!llillon (Weaver and Albertson, 1940). The direct causes of 
loss in vegetation were deficient soil moisture, overgrazing and dust 
carried by wind from cultivated fields and deposited upon the prairie 
vegetntion. The reduction of pla.Dt cover resulted in large denuded areas 
that became extremely susceptible to wind erosion. As range depletion 
became more extensive the need for a sound conservation program in rela-
tion to soil erosion, range management and revegetation became evident. 
The native vegetation has proved to be the best adapted to mic.-vrest 
Kansas and should therefore be used for re-establishing depleted areas. 
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These conditions have presented many problems for research men . 
Some of these problems pertain to variation in growth, yield of seed 
and mortality rate of seedlin 0 s of native prairie plants in various habi-
tats of the mixed prairie . These problems are of vital importance in re-
establishing the vegetation in west-central Kansas. The study of basal 
cover of plants over a period of years will re,real the species best ad-
apted for revegetation . The a.mount of seed produced by native prairie 
plants, as well as the ability of the seedlings to ecise , i~dicates to 
some extent their value i~ relation to re-establishing a native plant 
cover on abandoned cultivated fields and denuded range land. 
The term seed yield often referred to in grass production is con-
fusing . Prairie 6rasse s often produce numerous flo1rer stalks and the 
florets attain natural size , but caryopses do not develop within the 
florets . The use of the word "seed" for bot1· spike lets and florets , re-
gardless of whether or not trey contain caryopses, has made data on grass 
seed yield difficult to interpret . The number of c, ryopses per 'rnndred 
florets is the ·nost accurate method of determining grass seed yield and 
is the only method of ascertaining the real value of a seed crop. 
The present research is concerned vtltt determining the yield of 
seed in pound~ per acre , and the nunber of seedl:n~s produced in relation 
to basal cover, habitat and climatic conditions . 
RELATED STUDIES 
The mixed prairie was first recognized as a distinct plant association 
by Clements (1920) who described its nature and range, also the grouping 
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of dominants . Albertson (1 937) divided the mixed prairie near Hays, 
Kansas , into three types . The short grasses occupy the high level land . 
Littl e bluestem and its associates are most comm.on on the "iillsides and 
big bluester;,. dominates the lowlands and ravines . 
Weaver e.nd Albertson (1940) made a study of the deterioration of 
grass h'md that covered a large area of the midwestern plains. The re-
s ea ch included representative brazing lands in western Kansas and 
Nebra_ska. , portions of sout1wrnstern South Dakota, eastern -:lyorning and 
Colorado , and the Panhandle of C lahoma . In many places it was diffi-
cult to distinguish denuded pasture from ,~eedy cultivated land. 
Albertson and Wee.var (1942) made a t horoug."l. study o-!: the native veg-
etation of western Kansas during 7 years of extreme drought. In many 
cases the mesic plants disappea.red completely and even the most xeric 
species were reduced greatly in number. T'1.ey brouped the results accord-
ing to the conditions to which the area was sub ected at the time of the 
initial quadrating . The conditions vrere classifi "d as light dusting and 
moderate grazing , light dustin~ and over-5razing, heavy dusting and mod-
erate grazing , and heavy dusting and over-£;ra.zing. 
The yield of grass seed in pom1ds per acre obtained from the car;rop-
sis count affords limited reference r1.aterial. Branson (1939) made an 
analJsis of seed production of several species of native Kansas grasses 
by counting the caryopses per 100 florets. 
Fultz (1936) made a study of grass seed on the acre basis. There 
was a yield of 32. 5 pounds of tops ·which, when t:1.reshed, produced 3 .4 
pounds of pure seed . 
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Buffalo grass, growing in close e.ssociation under dry land condi-
tions such as is common in pastures throughout the western part of Kanse.s, 
normally produces but a small quantity of seed from year to year . In 
favorable years, however, good seed crops may be produced (Vfenger, 1939-
1940). 
Riegel (1940) made a study of the variations in the grovrth of blue 
gra.ma. grass (Bouteloua gracilis) from seed produced in various sections 
of the Great Plains Region . The grass of the central section produced 
the greatest number of caryopses per hundred ~lorets for two seasons. 
Blake (1935) examined the seeds of western wheat grass (A;ropyron 
smithii) and found that many of the glumes were empty. By discarding the 
empty glumes the per cent germinat~on was considerably higher. 
Savage (1935) found in tracing the history of perennial seedlings in 
the prairie , that few widely scattered seedlings were discovered. For 
the seedling which attained temporary establishment, the principal imme-
diate cause of death was drought. 
Sporobolus cryptandrus seeds whic~ mature in the late summer or early 
fall are produced in enormous numbers. Ten thousand mature seeds have 
bee!'l. obtained from a single closed pani cle. Their total vrnight was only 
0.7 gram (Weaver and Hansen, 1939). 
Gates (1941) has drawings of 145 grass , forb, and ruderal seedlings 
of Kansas, useful for identifying young plants. 
To the investigator's knowledge, no one has determined the yield of 
grass seed in pounds per acre by counting the caryopses per 100 florets, 
or the pounds of forb and ruderal seed produced per acre for the various 




Data on climatic conditions were secured from the United States 
Weather Bur eau , Hays, Kansas . The average annual precipitation for 1939 
was 7. 84 inches below the recorded normal (Table I). The fall drought, 
extending f rom August to the end of December, was the most severe on rec-
ord for this time of year . Rainfall during May, July and September was 
2 . 46 , 2 . 13 and 1 . 85 inches, respe ctively, below normal (Fig . 1) . For 
June and ugust it barel y exceeded normal . 
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FIG . 1. (A) Normal monthly mean tem-
perature (broken line) and monthly mean tem-
perature (solid line) ; (B) mean monthly 
rainfall (broken line) and mont~ly rainfall 
(solid l ine) for growing season of 1939, 1940, 
and 1941 at Hays , ~ansas . 
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TABLE I. Monthly and annual pre cipitation (P) for the 
years 1939, 1940, and 1941 with departure (D) from the normal . 
Hays, Kansas. 
1939 1940 1941 
Period Normal p D p D p D 
Jan. 0.33 0.48 -0.15 o. 72 - 0 . 39 1.08 - 0 . 75 
Feb. 0.82 1.05 -0.23 0 . 35 -0.47 0 . 85 -0.03 
March 0.93 0.98 - 0 .05 0.83 - 0.10 0 . 58 -0.35 
April 2.29 1.65 - 0 . 64 -1.57 -0. 72 4 . 61 - 2.32 
:May 3 .46 1.00 -2.46 -2. 41 -1.05 2 . 86 -0.60 
June 4.10 4 . 71 -0. 61 -2.3 6 -1. 74 6 . 40 - 2.30 
July 3 .17 1.04 -2.13 4 .21 -1.04 0 . 63 - 2.54 
August 3.14 3.53 -0. 39 3 . 30 -0.16 4.14 -1.00 
Sept. 2. 27 0.42 -1. 85 3.14- - 0.87 3 . 02 - 0. 75 
Oct. 1.35 0.18 -1. 37 0.62 -0. 93 2.35 -0.80 
Nov. 1.01 O.ll -0. 90 2 .58 -1.57 0 . 54 - 0 . 47 
De c . 0.62 o. 70 - 0.08 0.82 - 0.20 1.07 - 0.45 
Total 23.69 15.85 - 7. 84 22 . 91 -. 78 28.13 -4.44 
During 1940, precipitation was approximately normal. From February 
to the closing days of June, the precipitation for eacr1 month was below 
norJc1al , and from the bebirmini; of July to the end of September it re.s 
above normal. 
Precipitation for 1941 was 4.44 inches above normal . Rainfall dur-
ing the growing season was above norr.ie.l for April, June and August and 
only slightly below during March and May. For July, however, it was 2.54 
inches below· normal . 
Temperature 
The mean annual temperature, far 1939 was 3. 1 ° F. above normal. I,ur-
ing the months of September and December, new high temperatures were 
established whi ch were 6 .5 and 6 .2° F. respectively, ebove normal (Table II). 
TABLE II. Average monthly and mean annual temperature (T) 
and departure from normal (D) at Bays, Kansas. 
1939 1940 1941 
Period Normal p D p D p D 
Jan. 29.8 37. 0 - 7a2 13.6 -16.2 31.3 -1.5 
Feb. 32 .5 28o7 - 3 . 8 33 .0 - 0 .5 32 .7 -0.2 
March 42.0 43 . 2 -1.2 44.4 - 2 . 4 39.0 - 3.0 
April 52.6 53 .7 -1.1 54 . 0 ... 1.4 54 .0 -1.4 
May 62.0 68 . 6 - 6 . 6 63 . 2 -1.2 66 . 8 -4.8 
June 72.6 75.4 -2.8 74 . 6 - 2.0 71.6 -1.0 
July 78.6 84.7 - 6.l 82 . 4 - 3 . 8 78.8 -0.2 
August 77 . 4 78 . 0 - 0 . 6 75 . 4 -2.0 78.3 -0.9 
Sept . 68 .5 75 . 2 - 6.5 71.4 - 2.7 71.6 -2.9 
Oct. 56.0 59.7 -3. 7 63.1 -7 .1 57 .o -1.0 
Nov. 43 . 5 43 .0 -0.5 38.6 - 4 . 9 44 . 2 -0.7 
Dec. 31.0 37.2 -6.2 34 .5 - 3 . 5 35.6 -4.6 
Total 53.9 57.0 - 3 . 1 54 -0.1 55 . 1 -1. 2 
The mean annual temperature for 194C was approximately normal. The two 
extremes for this year were January, being 16 . 2° F. below normal, and 
0 
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Octobe.1:;, 7.1 F. above normal . Tl-;_e mean annual temperature for 1941 was 
0 1.2 F. above normal. The mean monthly temperature of May and December 
0 was 4.8 and 4.6 F., respe ctively , above normal . Tne temperature for the 
remaining ten r:ionths deviated but slightly from normal. 
Water Content of Soil 
The amount of soil moisture available for plant growth for t'le 
three seasons determined from samples , taken to a depth of 5 feet once 
ea.ch month during the growing season, are sho'l'm in Table III. The percen-
tage of soil moisture above the hy0 roscopic coefficient is considered to 
be the a.mount of water available for plant 6rowth. 
In 1939, a small amount of avai l able moisture was present in the top 
8 
12 inches in April but to only a depth of 6 inches during Hay and June. 
The moisture content v,ras below the point of availability for the full 
depth of 5 feet in July but 3 . 5 inches of rainfall in August restored con-
siderable available moistvre in the top 6 inches. 
The total rainfall of 1.6 inches in April and 2.4 in May 1940 pene-
trated to a depth of 12 inches and available moisture was maintained to 
this depth for the two months. The small amount of rainfall during June 
failed to supply the needs of the struggling vegetation and no available 
moisture was present to the depth of 5 f'eet when determinations vrere made 
at the end of the month . The precipitation during July was 4.2 inches 
and furnished available soil moisture for plant grovrth to a depth of 12 
inches . Vigorous growth of vegetation during August depleted the supply 
of available moisture except in the top 6 inches. Continued grovrth in 
September reduced the amount of available moisture to zero. 
Rainfall during the grovring season of 1941 was sufficient to fur-
nish excellent growing conditions for the drought stricken vegetation. 
Rainfall during April (4.6 inches) penetrated to a depth of 3 feet. The 
a.mount received during May was sufficient to maintain available moisture 
to the same depth as in April. The total of 6.4 inches in June restored 
available moisture to 5 feet. This a.mount was quickly used by the rapidly 
growing prairie plants and available moisture was present in only the top 
12 inches when moisture determinations were made. The rainfall of 4.2 
inches in August penetrated to 24 inches and when the last soil moisture 
determinations were made in September, available moisture extended to 12 
inches. 
TABLE III. Percentage of available soil mo isture in moderately grazed short-grass type 
at Hays, Kansas, for t he growing seasons of 1939, 1940 , and 1941. 
Depth 1939 1940 
(inches ) A M J J A s A M J J A s 
0-6 6.2 0 .5 2 .9 -J.4 - 4 . 2 -2. 2 7.3 4.0 -5.J 13.J 1.5 - 2.4 
6-12 4 .6 -0.7 -0. 2 -1.8 - 2.5 -2.6 1. 3 0.6 -1. 2 1.3 0 . 0 -1.4 
12-24 - 0 .J+ -1.6 -1.3 - 2. 2 -1.8 -1. J+ - 2 .5 - 2 .1 -1.7 -1. 2 - 0.5 -0.9 
24-36 -2.3 -1.5 -0.1 -1.3 -1.5 - 0 .8 -1.7 - 2 .3 -1. 8 -1. 9 - 2 .7 -1.4 
36-48 -1. 2 -1.5 - 0 .3 0 .5 0 . 3 -0.1 - 0 .5 - 0 .6 - 0 .6 -0.4 - 2 .0 -1.5 
48- 60 - 0 . 4 -1.1 1.8 1.3 0 .5 0.3 0 . 9 1. 4 o.o -0.6 -1. 2 -0.5 
Depth 1 1 
(inches) A M J J A s 
0-6 19.2 24 . 0 16.9 0 .3 20 . 2 6.5 
6- 12 15.8 18.8 l/4 .• 9 1.5 17.2 5.1 
12-24 11.9 13.7 8 .3 -1.5 2 . 1 -0.3 
211-- 36 0 . 8 3.8 6 . 8 -1.8 -1.9 -3.5 
36-48 -2 .1 -0.6 4 . 3 -2.5 - 2.9 -3.l 
48-60 - 2.6 0 . 1 2 . 2 -2.7 -1.4 - 2 . 8 
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EXPERIMENTAL PROCEDURE 
Locating the Study Areas 
The three climax types of vegetating include the short grasses that 
grow primarily on the highland, the little bluestem on the .i.illsides and 
the big bluestem on the lowlands. In addition to these three types, are 
two others of considerable importance due to biotic and climatic dis-
turbances. 
Frequently, farmers, for one reason or another, have abandoned 
large areas of cultivated land and allowed the vegetation on these areas 
to seek its own course from year to year. The area considered in this 
study was cultivated for the last time in 1919. Successive waves of 
plant populations in this area resulted in a fairly stable cover of Spor-
obolus cryptandrus and Buchloe dactyloides in 1939. 
Intense dusting of 1935 moved an enormous amou..7J.t of earth from 
parched cultivated fields and deposited it on other fields and grass 
lands. The depth of layer varied greatly depending pon distance from 
the source of supply, topography, and nature of vegetation. When a good 
cover of native vegetation, or a depleted weedy one offered obstruction 
to the dust la.den wind, a. layer of dust .5 to 2 inches in depth was de-
posited over the entire area. 
Dust drifts and mounds sometimes 2 to 3 feet or more in height were 
formed (1.7eaver and Albertson, 1940). The e.rea considered in this study 
was small and was bordered on three sides by cultivated fields. Before 
the period of drought and dust storms, the vegetation was co~posed of 
mixed grasses ·with big blue stem (Andropogon furcatus) common throughout. 
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The cause of death in the native vegetation by intermittant dusting, re-
sulted in successive waves of annual weeds , followed by a fairly stable 
cover of Bouteloua gracilis, Buchloe dactyloides and Sporobolus cryptan-
drus. 
On -June 8, 1939, a unit area of four 1-meter pernanent quadrats 
forming a grid, was staked out for each area in the five different habi-
tats. All quadrats were labeled with a tin plate denotin!S location e.nd 
number of each. T'1e u:1grazed area of mixed prairie was divided into the 
three different types, short-grass type, little bluestem type, and big 
bluestem type. The variation in the little bluestem was so great , that 
it seemed advise.ble to divide it into three subdi visions--one on the upper 
slope, one on the mid- slope, and one on the lower slope. 
The area dusted from nearby cultivated fields was divided into ladly, 
moderately and lightly dusted areas. Qua.drats on the revegetation area 
were located so as to include the two dominant grasses sand dropseed 
(Sporobolus cryptandrus) and buffalo grass (Buchloe dactyloides). Studies 
of the vegetation were made continuously throughout the three growing 
seasons . 
Study of Basal Cover 
Each qua.drat was charted with a pantograph in mid- June or early July 
for each. year during the period of study . The pla.nimeter ••ras used to 
determine the per cent basal cover of eacr_ species of native r.; ra.ss found. 
A representative qua.drat from each grid studied ,vas photographed for 
the last two seasons of the research . 
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Studies of Seed Yield 
Each year the ripened seed from all species was collected from the 
west l1alf of each grid. The east 11alf was left for other studies. Tl.- e 
seed from each species was placed in a paper sack,that was labeled cor-
responding to the quadrat fro:n which it was gathered, and stored in a dry 
place . 
To determine the seed yield of grasses in nounds per acre for eac'.1. 
year, the entire sample was poured out on a piece of paper. One 'rnndred 
representative florets were then selected by taking a few frorri each por-
tion of the sample. The hundred florets selected were spread in e. si g)e 
layer on a glass plate and illuminated from below b:r an electric libht. 
pty florets were transparent, while tl.ose containing caryopses, unopened 
anthers or smut were opaque. All florets appearing to contain caryopses 
were examined wi t'1 tweezers in order to eliminate those diseased or vli. th 
unopened anthers. 
The hundred representative florets taken from the entire sample were 
weighed after whic~1 the florets containing caryopses were separated from 
the empty florets . The percentage weight of caryopses in the hundred flor-
ets was t 1.1en determined and fro'TI. this percenta6 e, the total i.:'reiE)~t of 
ca.ryopses in the meter quadrat was calculated . The yields in pouJ:ds 
per acre were calculated for each species from tle bram weight in each 
meter qua.drat . 
REl:iUL T~ 
Cover of Vegetation on Differ ent Types 
The results of this study a.re divided into three major divisions. 
1 . The basal cover of the native grasses, the number of forbs and 
the number of ruderals on each type of vegetation. 
2. The yield of seed in pounds per acre of eacl. species of grass 
forbs and ruderals on each type of vegetation. 
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3. The number and fate of seedlings of native grasses on each type 
of vegetation. 
The results of each are discussed in the order listed at)ve. The 
basal cover of each species of grass in each type of native vegetation at 
nays, Kansas , is discussed for 1939, 1940, and 1941. 
THE SH0HT-G.J.ASS rYPE 
The major species of grass in the vicinity of the area of the four 
quadrats studied were Buchloe dactyloides and Bouteloua gracilis . Minor 
species were Aristida lonGiseta e,nd !:_• purpurea_; Agropyron smi thii vms 
found 6rowing in buffalo wallows and other slight depressions. 
Avera6e Basal Cover of Each Species for iach Year 
A typical quadrat of the unit area for 1940 and 1941 is s~wt•m in F'ib-
ure 2. In 1 40 the cover of 12 per cent vras equally divided between the 
two dominants. During following year buffalo grass increased to 14.2 
per cent and blue grama grass to 15.8 per cent, making a total cover of 
30 per cent. All qua.drats of the unit area were charted in mid-June , 
1939, 1940, and 1941. The avera6e basal cover of brasses in 1939 vras 
31. 7 per cent, of vmich 27.5 per cent was Bouteloua i:;racilis, 4.2 was 
Buchloe dactyloides, with only a trace of Sporobolus cryptandrus. 
In June, 1940, the average basal cover was reduced to 11.6 per cent. 
The cover of Bouteloua gracilis and Buchloe dact:,loides was 8.2 and 
per cent, respectively, vr.i th Sporobolus cryptandrus increa.sin6 to nearly 
1 per cent. 
B 
FIG. 2. (A) I, tter qua.drat in an unbre zed s oY-t-
grass type near Hays, Kansas, in June 1940. B) The 
same quadrat in June 1941, 
J.4 
15 
Due t o improved climatic conditions the grasses had increased in 
cover when charted in J une , 1941 . The average total cover of the four 
quadrats was 29 . 1 per cent, of which 11 . 7 per cent was Buchloe dactyloi-
des and 17. 4 was Bouteloua gracilis (Table IV). 
In order to show in more detail the position of each species of 6rass 
during the period of study, a representative quadrat is swwn for each of 
the years, 1939, 1940, and 1941 in Figure 3. 
1939 194 0 1941 
l : 
193 9 194 0 19 4 1 
Boutelouo gro ci li s 2 0,6 °fc, 6. 0 °lo 15.8 % 
llllilil]J Buchloe do ct yloi des 7. 5 % 6 .0 % 14 .2 % 
FIG . 3 . A representative meter quadr~t in ungrazed 
short- grass type near Hays , Kansas, charted in June 1939, 
1940, and 1941. 
• The quadrats charted in 1939 shmved fairly evenly distributed bunches 
of Bouteloua gracilis ranging from 2 to 16 inches in diameter. In 1940 
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the bunches had died out in the center, reducine; the large bunches to many 
smal l ones located on the periphery of the original bunches . Wh.en charted 
in 1941 , an enormous increase of cover was shovm. The small bunches had 
united forming larger ones with diameters ranging from 2 to 10 inches. 
These large bunches were evenly distributed .throughout the qua.drat. 
TABLE IV. Average per cent basal cover of each species of grass in each quadrat on the 
short-grass type for 3 years. Hays, Kansas. 
Per cent of basal cover for each species . Sporobolus Quadrat Buchloe dactyloides; Bouteloua gracilis cryptandrus Total cover Number 
1939 1940 1941 1939 1940 1941 :1939 1940 1941 1939 1940 1941 
S1--1 1.6 1.6 8.5 24 . 2 8.2 13.0 o.o 0.1 0.1 25.8 9.7 21.6 
S1--2 3.6 3.7 11.4 36.6 11.1 25.4 0.1 0.2 0.2 40.3 15 . 0 37 . 0 
S1--3 4.3 2 .6 12.2 28.4 7.8 15.6 o.o o.o 0 .2 32.7 10.4 28 . 0 
S1--4 7.5 6.0 14.2 20.6 6.0 15.8 o.o 0.0 0.0 28.1 12.0 30 . 0 
Average 4.2 3.5 11.7 27 .5 8.2 17.4 T 0.1- O.lf ; 31.7 11.6 29.1 
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The cover of Buchloe da.ct~rloides in 1939 vrns distributed evenly 
throughout the qua.drat in small bunches from 2 to 4 inches in diameter. 
In 1940 it suffered a small loss . The size of the tufts became less in 
most cases but re.ilained constant ir. some . In some cases t'1e cover in-
creased slightly. In 1941 the old hunches ti.ad increased considero.bly in 
diameter and new ones rere form.ed from stolons of the previous year. The 
numerous ru..11.ners produced early in 1941 accounted for a. m.a.rl·ed increase 
in cover at the end of the growing season. 
orbs of Short-erass Type 
e species of forbs corranon in the type surrounding the unit area 
studied were Ia.lvastrum coccineum, Opuntia humifusa, and J:sora.lea tenui-
flore.. Some loss connnon species were Allium nuttallii, A'llbrosia. psilo-
stachya, Allionia linearis and Gaura cocoinea. 
The number of forbs was determined when this area. was charted in 
mid-June 1939, 1940, and 1941. The total number of f'orbs per brid of 4 
square meters in 1939 was 3 plants of Ma.lvo.str...,_m coccineu:rn.. N11en charted 
in 1940, the same 3 plants were present and 2 plants of Psoralea. tenui-
flora. and 1 plant of Alli um nutta.llii appeared for tl-.e first time. The 
same 6 plants were still alive when the o.rea was charted in June, 1941 
(Table V) . 
In order to show in more detail the position and number of each 
species of forbs during the period of stuay, a representative qua.drat is 
shown for eac11 of foe years (Figure 4). This study indi ce.tes that Mal-
va.strum coccineum is very drought- resistant as the same 3 plants lived 
through the period of study. In 1940, 2 plants of Psoralea tenuiflora 
TABLE V. Number of plants of each species of forbs in each quadrat on the short- grass 
type for 3 years . Hays , Kansas . 
Number of forbs for each species 
Quadrat Malvastrum Psoralea Allium 
coccineum tenuiflora nuttallii Total numbe r Number 
1939 1940 1941 1')39 1940 1941 1939 1940 1941 1939 1940 1941 
Sl--1 0 0 0 0 0 0 0 1 1 0 1 1 
S1--2 3 3 3 0 2 2 0 0 0 3 5 5 
S1--3 0 0 0 0 0 0 0 0 0 0 0 0 
S1--4 0 0 0 0 0 0 0 0 0 0 0 
Total 3 3 3 0 2 2 0 1 1 3 6 6 
were charted and the same 2 were again present in 1941. 
1939 




I • Mc ,._ 
Ale 






1939 19 40 19 4 1 
Mol vastru m cocc ineum (Mc) 3 3 3 
Psoralea tenulflora (P l ) 0 2 2 
FIG. 4. A representative meter quadrat of forbs in 
ungrazed short-grass type near Hays, Kansas, charted in June 
1939, 1940, and 1941. 
Ruderals of Snort-grass Type 
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The total number of ruderals in the unit area of study of 4 square 
meters was listed in mid-June 1939, 1940 , and 1941 (Table VI). The species 
common in the vicinity around the area were also mentioned. 
In 1939, the only ruderal found in the ,::;rid vra s 20 stems of Hordeum 
pusillum. other species in the vicinity ·were Sal so la pestii'er , Helian-
thus annuus, Cheno'podium album, Plante.go spinulosa, ~- purshii, Lappula 
occidentalis, Lepidium densiflorum, Solanum rostratum, Hedeoma hispida, 
and Sophia pinna.ta. 
The number of plants of each species found in any abundance in 1940 
in the unit area of four qua.drats was: Lepidiun densii'lorum 985 plants, 
Pla:ntago purshii 83 plants, tappula occidentalis 83 plants, Salsola pesti-
47 plants, Hordeum pusillum 22 plants, Chenopodium 11 plants, 
and only 1 plant of Solanum rostratum. Species in the surrounding area 
TABLE VI. Number of plants of each species of ruderals in each quadrat on the short-
grass type for 3 years, Hays, Kansas. 
Qua.drat number 
Species Sl 1 Sl 2 
1939 1940 1941 1939 1940 1941 
Chenopodiurn albwn 0 6 0 0 1 0 
Festuca octoflora 0 0 25 0 0 3 
Hedeoma hisnida 0 0 0 0 0 0 
Horde1.1ID pusillurn 20 9 120 0 7 900 
Lap~ula occidentalis 0 80 0 0 3 0 
Lepidium densiflorum 0 210 0 0 225 0 
Plantago purshii 0 18 13 0 15 2 
Plantago spinulosa 0 0 3 0 0 5 
Salsola t,estifer 0 15 0 0 7 0 
Solanum rostratum 0 0 0 0 1 0 
Total 20 338 171 0 259 910 
Sl - 3 
1939 1940 1941 1939 
0 2 0 0 
0 0 15 0 
0 0 12 0 
0 0 500 0 
0 0 0 0 
0 300 0 0 
0 20 0 0 
0 0 600 0 
0 14 0 0 
0 0 0 0 




1940 1941 1939 
2 0 0 
0 10 0 
0 0 0 
6 1000 20 
0 0 0 
250 0 0 
30 25 0 
0 250 0 
11 0 0 
0 0 0 





























in 1940 were Helianthus annuus, Hedeoma hispida, Plantago spinulosa and 
a few scattered plants of Festuca octoflora. 
The total number of plants of each species in thls area of study in 
1941 were found as follows: Hordeum pusillum 2520 plants, Plantago spinu-
losa 858 plants, Festuca octoflora 53 plants, Plantago purshii 40 plants, 
and only 12 plants of Hedeoma hispida. Other species in the vicinity were 
Lappula occidentalis, L. heterosperma, Helianthus annuus, Salsola pesti-- ----- ----- ---- ---
fer, Sophia intermedia and Chenopodium album. 
The shift in abundance of ruderals from one season to another is 
quite evident as indicated by the study. In 1939, Hordeum pusillum. was 
the principal weed in the grid, but in the surrounding area there was an 
enormous amount of Lappula occidentalis. In 1940 this area was covered 
with an abundance of Lepidium densiflorum, but Hordeum pusillum for med a 
dense cover in 1941. In many short-grass areas the number of stems of 
little barley ranged from 120 to 1000 per square meter. 
THE LITTLE-BLUESTEM TYPE 
The dominant species throughout this type was Bouteloua .curtipendula. 
Its associates on the upper-slope were Bouteloua hirsuta and Sporobolus 
pilosus of approximately equal rank. The latter two were more prevalent 
during drought. On the mid-slope, Bouteloua curtipendula and Andropogon 
furcatus were dominant. The latter was outranked more than 3 times. The 
more xeric Bouteloua hirsuta and Sporobolus pilosus were practically nil 
in this area. On the lovrer-slope, Andropogon furcatus was second in rank. 
Bouteloua hirsuta and Sporobolus pilosus ranked third and fourth respectively. 
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A few scattered tufts of Aristida longiseta, !· purpurea., and Sporobolus 
cryptandrus were observed in this type . Buffalo grass was growing in 
areas scattered throughout this type and Agropyron smithii was found 
growing around the base of inclines. 
Studies on this type were made on 3 representative areas of four qua.d-
rats each. Cne unit area was located on thin soil near the upper side 
of the slope. The second was located near the center, and the third near 
the lower edge of the slope. The cover in each unit area on the different 
slopes was charted for three seasons. The average total cover for the 
three years on the upper., middle., and lower slopes was 8.9., 27 . 3 and 20.2 
per cent., respectively. 
In 1939, the average basal cover on the upper slope wa s 13.l per 
cent. It decreased to 4 . 9 in 1940, and then increased to 8.9 in 1941 . 
The cover on the mid-slope for 1939 vras 37.3 per cent . In 1940 it was 
reduced to 14.l per cent, but in the following year it had increased to 
30.7 per cent. On the lower slope the cover in 1939., 1940., and 1941 was 
26.3., 10.4., and 24 . 0 per cent respectively. 
Basal Cover of Each Species of Grass 
Upper Slope 
The average cover of each species on the upper slope in 1939., 1940., 
and 1941 is given in Table VII . The average cover for Bouteloua curti-
pendula for three seasons was 4 .4 per cent in 1939, only . 7 per cent in 
1940., and then increased to 1.8 per cent in 1941 . The average cover of 
Bouteloua hirsuta in 1939., 1940., and 1941 was 4, 1.6 and 3.7 per cent 
TABLE VII. Average per cent basal cover of each species of gr as s in ea ch quadrat of 
little-bluestem type, upper slope for 3 years. Hays, Kansas . 
Average per cent of cover for each species 
Quadrat Andropogon Andropogon Bouteloua Bouteloua 
Number furcatus scoparius curtipendula hirsuta 
1939 1940 1941 1939 1940 1941 1939 1940 1941 1939 1940 1941 
S3-1 0 . 0 o.o o.o 0.0 0.1 0.0 4.2 0.4 2.2 2 . 9 . 6 2.2 
S3-2 0 . 0 o.o 0.2 l.J 0.0 o.o 2.8 0.4 .5 4.5 1.1 2 .5 
S3-3 1.1 .5 1.6 0.0 0.0 0.0 6.7 0.6 2 . ,4 4.2 2.1 4 . 5 
S3-4 2.0 .6 2.0 0.8 0.4 1.0 3.8 1.4 2.3 /4,. 6 2.6 5.8 
Jwerage 1.0 • 2/. 1.0 • 5/- 0.1/- .2/. 4.4 .7 1.8 4.0 1.6 3 .7 
Quadrat Sporobolus Average 
pilosus total cover 
-' umber 
1939 1940 19/+l 1939 1940 1941 
S3-1 4.2 2.5 2.4 11.3 3.9 6.8 
S3-2 J.8 2.3 2.1 12.4 J.8 5.3 
SJ-3 5.7 4.0 4.2 17.7 7. 2 l~.7 
S3-4 0.0 o.o o.o 11.2 5.0 11.l 




respectively. The cover of Sporobolus pilosus averaged 3 .4 per cent in 
1939 . It was reduced t o 2. 2 per cent in 1940, which was the lightest for 
any species in this ar ea, and further reduced to 2 . 1 per cent in 1941 . 
In 1939 Andropogon furcatus and!· scoparius were present in small scat-
tered t ufts. In 1940 these two species were reduced to almost nil . In 
1941 t he cover of Andropogon furcatus was 1 per cent and that of A. scop-
only .2 per cent . 
Details of the relative position of each species are shown ma 
represent ative quadrat on the upper slope for 1939, 1940, 1941 (Figure 5) . 
The bunches of Andropogon furcatus ranging from 2 to 4 inches in dia-
meter are limited to a small are~ in one corner in 1939. In 1940 they 
were reduced to 3 small tufts averaging about 2 inches in diameter. In 
1941 this number had increased to 4 bunches each averaging nearly 3 in-
ches in diameter . 
1939 1940 
" .. €' I ~_;~ 
i - I ... •e ., 
I 
- i--!-~ IZ!<ll' @ l-.,--1 -
e:= --+@r" 
" " i;, I -
1940 
And r opo gon furcotus 2 .0 % . 6 % 
Andropogon scopor ius . 8 °4 . 4 % 
[III] Boutelou a curtipendulo 3 .8 % 1.4 % 
Boutelouo hlrt~to 4 . 6 % 2.6 % 
19 41 
2 . 0 % 
1.0 % 
2.3 % 
5 .8 % 
1941 
FI G. 5 . A representative meter quadrat in ungrazed 
lit tle - bluestem type, upper slope near Hays, Kansas, charted 
in June 1939, 1940, and 1941 . 
Two smal l bunches of ,A;ndropogon scoparius, each a pproximately 3 in-
ches in diameter were l ocated on opposite sides of the quadrat in 1939 . 
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In 1940 only l bunch remained and it was reduced in size. The one tuft 
le:rt in 1941 had increa sed to about 4 inches in diameter. 
In 1939 two large bunches ot Bout eloua curtipendula, approximately 
4 inches in diameter were located in the lower right corner ot the quad-
rat. These two bunches were surrounded by many small bunches that varied 
from 1 to 2 inches in diameter. In 1940 many of the small bunches had 
died out and the large bunches were reduced to approximately 2 inches in 
di81Ileter. In 1941 they had made only a slight increase in diameter. 
Bgute] 011e D1rsute, was the dominant species in this quadrat. In 1939 
the bunches ranged from 1 to 3 inches in diameter and were evenly dis-
tribut·ed throughout the meter square. In 1940 the poorly est.9.blished small 
bunches had disappeared but the larger ones had increased in diameter. 
In 1941 it ma.de the greatest gain of all species in the quadrat. Most of 
the bunches more than doubled in diaJ11eter. 
Kiddle Slope 
The domimnt species on ·the mid-slope was curtipepdul1. 
In 1939 its average cover was 26.5 per cent. Of the total cover of 14.l 
per cent in 1940, 12.3 per cent was Bouteloua cll,l'tipendula (Table 8). 
The ideal olimat ic conditions of 1941 stiraulR.ted an enormous increase of 
plant cover in western Kansas. In July, 1941, the cover of Bouteloua 
curtipendula had increased to 25.1 per cent. The co-dominant species 
was [Wdropogon f'urcat~. It had an average cover of 7.3 per cent in 1939. 
In 1940 it was 1 per cent and then increased to 4. 7 per cent in 1941. 
G:rasses present in small amounts in 1939 were Andropogon scouarius, 
Boutelo:w} hirsuta, and Sporobolus pilosus. These grasses were reduced 
TABLE VIII. Average per cent basal cover of each species of grass in each quadrat on little-bluestem 
type, miacile slo:pe tor 3 years. Hays, Kansas. 
TOTAL PER CENl' OF COVER FOR EACH SPECIF.s 
Quadrat Andropogon Andropogon Bouteloua Bouteloua 
num.ber turcatus scopa,riue curlipendula hirsuta 
1939 1940 1941 1939 1940 1941 1939 1940 1941. 1939 1940 1941 
s2--1 6.1 0.1 2.6 0.1 o.o o.o 24.8 8.6 21..9 1.5 1.1 1.5 
s2--2 8.5 1.2 5.0 o.o o.o o.o 24.7 7.9 22.6 1.6 1.6 1.1 
S2--3 8.8 1.2. 8.2 0.2 0.1 0.2 25.8 15.0 24.7 0.2 o.o o.o 
S2-4 6.0 0.'1 3.1 0.4 o.o o.o 31.9 17.7 31.5 .1 0.9 o.o 
Average 7.3 LO 4.7 O.lf o • .;. 0.1- 26.5 12.3 25.l 1.0 .5f 1.0 
Quadrat Sporobolus Average 
number ;Qilosys total COJ:~l: 
1939 1940 1941 1939 1940 1941 
s2--1 o.o o.o o.o 32.5 9.8 26.0 
s2-2 0.5 0.3 0.2 35.3 11.0 28.9 
S2--3 o.o o.o o.o 35.0 16.3 33.l 
S2--4 o.o o.o o.o 38.4: 19.3 34.6 
Average O.lf 0.1- o.f 37.3 14.l W.7 
to a scanty cover in 1940. In 1941 Andropogon scoparius made a slight 
gain, but Bouteloua hirsuta and Sporobolus pilosus were reduced to al-
most zero. 
t.'I 
A representative quad.rat on the middle slope for 1939, 1940, and 
1941 ts shown in Figure 6. In 1939 bunches of Ana;ropogon tllrcatus were 
distributed irregularly throughout the quadrat. The bunches ranged f'rom 
appro:x:1mately 1 to 4 inches in di9..meter. In 1940 they had de.creased in 
number and also in diameter. In 1941 there was a significant gain and 
the cover was more than trebled. 
1939 
Andropo gon furcotu s 5.1 % 
~gifiro0u9i",u~fi0!e0;~~,o 13:l i 
• Boutelouo hirsute 3 . 3 % 
Sporobolus pilosu s 3 .2 % 
1940 
6 .7 % 
.7 % 
I.I% 







3 .4 % 
FIG. 6. A representative meter quadrat in ungrazed 
little bluestem type, middle slope near Hays, Kansas, charted 
in 1une, 1939, 1940, and 1941. 
One bunch of Andropogon sooparius around 2 inches in diameter in-
habited one corner of the meter square in 1939. In 1940 it was re-
duced to zero and was not present in 1941. 
In 1939 large bunches of :§oyteloua curtipendula. ranging from 5 to 
12 inches in diameter dominated this quadrat. Its 31. 9 per cent cover 
compared to the 38. 4 per cent of the whole area proves !,ts ability to 
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thrive under drought. In 1940 t he bunches were reduced in diameter trom 
1 to 4 inches but no significant reduction in nUDlber occurred. In 1941 
the cover had i ncreased ·by the union o:f' small bunches through growth 
:f'o:rming l arger ones that ranged from 4 to 11 inches in diameter. These 
l ar ge bunches were scattered evenly throughout the quadrat. 
Only 2 tu:t'ts of Bouteloua hirsuta were found in 1939. In 1940 these 
two bunches had made a slight gain. The :following year they were further 
i ncreased. 
Lower Slope 
Bout eloua cur;tipendula was the mo st common species on the lower 
slope wit h an average cover of U.l, 2.6, and 5.7 per cent respectively 
in 1939, 1940, 1:1nd 1941 (Table 9). Anc,ropogon turcatus had a cover ot 
4.6 per cent i n 1939. It was slightly reduced to 3.4 per cent in 1940, 
but was t he l eading species in 1941, having a cover of 8. 3 per cent. The 
cover for Bouteloua hirsuta in 1939, 1940, and 1941 was 3.3, .9, and 2.9 
per cent respectively. Sporobolus pilosus was 2.2 ~er cent in 1939, re-
duced t o 1.2 per cent in 1940, and increased to 1.7 per cent in 1941. 
In 1939 Bout eloua gracilis and Panicum virgatum h~d a cover or 1.8 per 
cent each. I n 1940 Bouteloua gracilis \Vas reduced to 1.1 per cent and 
Panicum v1rgatum to a mere trace. The average cover for Andropogon 
scoparius i n 1939, 1940, and 1941 was 1.4, .3, 4nd .7 per cent respectively. 
A repr esentative quad.rat on the lower-slope for 1939, 1940, and 1941 
i s shown in Figure 7. Bunches of AP,d:ropogon !,µrcatus varying from a 
single stem t o 4 inches in diameter, were distributed evenly throughout 
the quadrat in 1939. In 1340 it made a slight gain as a few bunches 
TABLE IX. Average per cent basal cover of each species in each quadrat of little-bluestem type, lower 
slope for 3 years. Hays, Kansas. 
Per cent of basal cover for each species 
Q,uadrat Beuteloua Andropogon Andropogon Bouteloua 
Number graci.lis furcatue scoparius curt ipendula. 
1939 1940 194-1 1939 1940 1941 1939 1940 194.l 1939 1940 1941. 
S4--1 3.7 2.3 7.6 3l& 1.9 4.9 2.5 o.o 1.3 8.2 3.7 6.4 
S4--2 o.o o.o o.o 4.3 1.2 5.3 0.8 0.1 o. 4: 9.6 3.2 5.2-
S4--3 o.o o.o o.o 5.l 6.7 14.7 0.4 0.7 0.7 13.6 1.1 5.5 
S4--4 3. 4 2.0 3.2 5.4 4.1 8.4 2.1 0.3 0.3 13.3 2.3 5.7 
Average 1.8 l.l 2.7 4.6 3.4 8.3 1.4 0.3 .7 11.1 2.6 5.7 
Q.uadrat Bouteloua Panicum Sporobolus Average 
Number hirsute virgatum pilosus total cover 1939 1940 194-1 1939 1940 1931 1939 1940 1941 1939 1940 1941 
S4--1 2.2 o.o 0.3 2.3 1.4 4.3 1.1 0.8 0.9 23.6 10.1 25.7 
S4--2 5.5 2.8 4.6 o.a o.o o.o 2.6 1.9 1.5 23.1 9.2 17.0 
S4--3 3.4. 0.5 4.7 o.o o.o o.o 3.2 1.6 3.1 25.7 10. 6 29.0 
S4--4 2.3 0.3 2.2 4 . .. , 2.l 3.6 1.9 0.6 l.l 32.9 11.7 24.5 
Average 3.3 .9 2.9 1.8 .9 1.9 2.2 1.2 l.7 26.3 10.4 24.0 
increased in dial'lleter. In 1941 it more than doubled its cover. Numerous 
small bunches appeared, which no doubt grew from dormant rhizomes, stimu-
lated by the excessive spring moisture. 
1940 
Andropogon furco tus 
Andropogon scoparius 
ic::m:J Boute l ouo curtipen dul o 3 1 ,9 % 
!!im Bou telou o h i r s ute , I % 
. 7 % 
.0 % 




3 1.4 % ,.o % 
19 41 
FIG. 7. A representative meter quadrat in ungrazed 
little bluestem type, lower slope near Hays, Kansas, charted 
in June, · 1939, 1940, and 1941. 
In 1939 Andropogon scoparius was represented by 2 small tu:tts. In 
1940 the bunches were reduced in size but the average cover was increased 
by the appearance of new bunches. The following year it failed to in-
crease its cover. 
Bouteloua curtipendula was evenly distributed throughout the quad-
rat by bunches varying from 2 to 5 inches in diameter, 1939. In 1940 it 
suffered a. sevt,re lo.s8 and decreased from 13. 6 to 1.1 per cent. The 
large bunches were reduced in diameter and many of the smaller ones had 
disappeared. In 1941 it increased by the uniting of small bunches. 
In 1939 three bunches ot Bouteloua hi:r-suta approximately 3 inches 
in diameter were spaced at equal distances across the quadrat. Many 
smaller bunches were equally intermingled with other species. In 1940 
this species suffered considerable loss by the 1!1-rge bunches being 
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reduced to nil. During the t"ollowing year however, some gain was made by 
the enlargement of the old bunches. 
The cover of Sporobolus pilosµs was composed of 1 bunch approximat ely 
5 inches in diameter and 3 bunches nearly 3 inches in diameter when 
charted in 1939. The following year all the bunches were reduced to ap-
pro:rlmately half their :former diameters. In 1941 the increase, was suf'-
:f'icient to approximately double the cover of 1940. 
Forbs of Little-bluestem Type 
The principal species of forbs growing throughout the little bluestem 
type are as :follows: Aillbrosia psilosta.chva., Amorpha c~nescens, Echinacea 
angustifolia, Lia.tris punctata. Meriolix serrulata.. Psoralea tenuiflora, 
~. esculenta. Sideranthus suinulosus,. Asclepiodora decumbens. _ Tetraneuris 
stenophYlla, Thftlesue:rma gracile, Lygodesmia juncea, Acerates yiridiflora, 
Asclepias pnmil ,, A· tuberosa. , Pentst&-non albidus,_ Solidago rigida, §.. 
glaberr1roe, Morongia , uncinata, Cheirinia aspera, . ~ oblongif'olius, A· 
fendleri. A, . .. multiflorue, Opuntia hmnifusa, ~ -.w!L~ Petalostemon 
oligophy:llUlll. !:• pur;pureum,. and Parosela enneandra. Forbs that are 
usually found on brows of hills are £1yolyulus pilosus. Scutellaria 
resinosa. Tragia ramosa, Arenaria texana . .Houstonia augusti:f'olia, 
Lesquerella oyalif'olia. Megapterium fremontii, and Paronvchia jamesii. 
There a:re also many less common speci_es growing in this type. 
The variation in total nUlllber o:f plants per grid of 4 square meters 
in the study area on the upper slope is given in table 10 for each species. 
In 1939 Thelaspema gracile, with 40 plants was the most abundant forb in 
TABLb X. Number of plant s of each spe cies of forbs in each qua.dr at of l ittle- bluestem 














' 39 ' 40 ' 41 
0 0 0 
9 3 34 
2 2 2 
2 0 0 
0 0 0 
5 2 2 
2 5 7 
S3-2 
' 39 ' 40 ' 41 
0 0 0 
6 0 24 
1 0 0 
0 0 0 
0 0 0 
3 1 0 
0 1 3 
Quadrat number 
s.3 J 
' 39 '40 1 41 
0 0 0 
1 1 0 
4 1 4 
1 0 1 
1 0 4 
5 2 4 
2 4 5 
S3 4 
'39 '40 ' 41 
1 0 6 
2 0 17 
1 1 1 
8 0 3 
0 0 0 
2 1 2 
5 9 7 
Total for grid 
'39 '40 ' 41 
1 0 6 
18 4 75 
8 4 7 
11 0 4 
1 O 4 
15 6 8 
9 19 22 
Lesquerella 
ovalifolia 1 0 4 2 0 1 2 0 2 8 4 2 13 4 9 
Meriolix serrulata 6 6 ~J 10 6 12 2 4 11 4 6 4 22 22 37 
Morongia uncin?ta 1 1 1 0 O O 1 2 2 2 2 2 4 5 5 
Psoralea tenuiflora. O O 2 1 2 O O 1 O O 1 1 2 6 ----------------------------Paro n y c li i a j a.mesii O O O 1 O O O O O 3 O o I+ O 0 ---------- -------'--------
Tetraneuris stenophylla 6 o o 3 3 o 2 1 o 2 o o 13 4 O --------------,------------
Thelesperma gracile 3 0 2 3 3 2 5 1 8 29 8 23 40 12 35 
All others O O 1 2 2 3 0 0 0 0 1 2 2 3 6 -------------------------------------------· 
Total 37 17 63 32 18 47 26 16 42 67 32 70 190 85 224 
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this area. In 1940 this number was r educed to 12 scattered plants but 
optimum growing condition s in 1941 restored the number or this species to 
35 plants per grid in thi s area. The next most abundant forb was Meriolix 
serrulata. The 22 plants charted in 1939 were still present in 1940 but 
this number was i ncreased to 37 in 1941. 
The biennial, Cheirinia a s;pera. was represented by 18 plants in 1939. 
This number was reduced to only 4 in 1940 but the abundant surface soil 
moist ure in the fall of this year was conducive to a high rate of germ-
i nat ion of t he seed of this species and 75 plants were present when 
charted in June of 1941 . The number of plants of Liatris punctata, 
Lesguerella gre.l ifolifl and Echinacea, angµsti;tolia, all important forbs ot 
this habit at , was 15, 13, and 8 respectively in 1939. All were reduced in 
number during the next year and made only slight gains in 1941. ~-
spermum linearifolium was the only forb of any importance to increase 
i n number during all years. In 1939 only 9 plants were found in the 4 
met er quadrats. This nwu.ber was doubled in 1940 and only slightly increased 
to 22 in 1941 . The variation in number of plants of t he other species ot 
this study area may be round by referring to table 10. 
The variation in .total number ot plants for each species in the study 
area on t he middle slope is given in table 11. In 1939 LiA.tris punctata, 
with 17 plants was the most abundant f'o:rb in this area. In 1940 this 
number wa s reduced to 5 plants but in 1941 it gained to 6 plants in this 
area. The next most abundant forb was .Amorpha canescens. The 11 plants 
charted in 1939 were still present in 1940. This number was increased to 
13 in 1941. Morongia uncina.ta was represented by 9 plants in 1939. The 
TABLE XI. Number of plants of each species of f orbs in e a ch quadr a t of litt l e-bl uestem 
t ype, middle slope for 3 years. Hays , Kansas . 
Quadrat number 
Q 
Species S2-1 S2-2 S2-~ S2-~ Total for grid 
1939 1940 1941 1939 1940 1941 1939 1940 1941 1939 1940 1941 1939 1940 1941 
Asclepias 0 1 2 4 3 2 0 0 3 0 1 0 4 5 7 pumila 
Amorpha canescens 2 2 2 6 5 8 1 2 1 2 2 2 11 11 13 
Echinaceae 2 2 3 0 0 0 0 0 0 2 2 2 4 4 5 angustifolia 
Liatris punctata 3 1 0 7 3 2 4 0 2 3 1 2 17 5 6 
Morongia 1 0 0 3 2 2 2 5 5 3 5 5 9 12 12 uncinata. 
Psoralea 0 0 5 u 0 1 0 4 5 1 0 1 1 4 12 tenuiflora 
Tetraneuris 
0 0 0 2 0 0 1 2 3 0 3 1 3 5 4 stenophylla 
Thelesperma 0 1 9 0 5 10 0 0 0 0 1 2 0 7 21 gracile 
all 
others 0 1 1 1 0 1 2 2 0 1 1 1 /4, 5 
Total 8 8 22 23 18 26 8 15 21 11 16 16 50 57 85 \..,J 
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12 plants charted in 1940 were still present in 1941. 
The number of plants of Asclepias pumila, Echina.cea angustifolia, 
and Tetraneuris stenophylla, all important forbs ot this area, was 4, 
4, and 3 respectively in 1939. Echina.cea angustifolia remained the same 
for the next year, while the other two made slight gains. In 1941 
Tetraneuris stenophylla showed a slight reduction and the remaining two 
made a am.all gain. Thelesperma gracile was the only forb of any im-
portance that made a tremendous gain during the period of study. In 
1939 it was absent from the area, but in 1940, 7 plants were present and 
in 1941 it increased greatly to 21 plants. 
The variation in total number or plants for each species in the 
study area on the lower slope is given in table 12. Aster multiflorus 
made the greatest increase of all forbs in this area for each season ot 
study. In 1939, 12 plants were present. This number was increased to 
25 per grid in 1940 and then to 35 in 1941. The total number of plants 
of Psoralea tenui:flora was 11 in 1939, 30 in 1940, and 23 in 1941. The 
decrease in number in 1941 was due to the continued attack of walking 
sticks. In 1939 Tragia ramosa with 22 plants was the most abundant :forb 
in this area. In 1940 this number was increased to 29 plants and in 1941 
it was reduced to 28 plants. The next most abundant forb was Echinacea 
a.ngustifolia. Of the 17 plants charted in 1939, only 9 were present in 
1940, and the same number was present in 1941. Mo:ro:pgia uncinata was 
represented with 16 plants in 1939. This number was increased to 21 the 
following year and decreased to 20 per 4 square meters in 1941. The 
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variat i on in number of plants of the other species of this study area 
may be :round by ref'erring to table 12. 
The relative position of each species during the study is shown in 
a representative quadrat of the little-bluestem type for each of the 
years 1939, 1940, and 1941 (Figure 8). 
1939 
Aster multiflor us (Am) 
Chelr lnlo ospero (Co ) 
Cirslum undulatum (Cu } 
Echlnaceo ongustifollo (Ea) 
Moronglo unc inoto (Mu) 
Meriollx ser ru1oto (Ms) 
Liotrls punctato {Lp) 
Houstonia ongustlfollo (Ho} 
Poronychia j omesll (Pj ) 
Psoraleo tenui flora (Pt) 
Scu t e ll oria resl noso (S r) 
Thelesperm o grocl le (Tg ) 
Tr agic r omo so (Tr) 
1940 
Golpi nslo lo vonduloefollo (G I) 
19 4 1 
1940 1941 












13 1 1 
0 0 
FIG. 8. A representative met~r quadrat of :forbs on 
ungrazed little-bluestem type for 3 years, Hays, Kansas. 
Ruderals of Little-Bluestem Type 
Comparat ively few ruderals were present in the little-bluestem 
type. The most common ones throughout the area were Hedeoma hispida, !!,. 
longiflora, Festuca octoflora, Salsola pestifer, Chenopodium ~, 
Helianthus annuus, Sophia intenuedia, Lappula occidentalis and Lepidium 
densiflorum. The greatest number of plants for any species in one quadrat 
was in 1940 when 20 _plants or Lappula occide:gtalis were found in one 
quadrat on the upper slope. The usual number, however, was :from l to 3 
per meter quadrat . 
TABLE XII. Number of plants of each species of forbs in each quadr at of little-bluestoo 
type, lo~er sloue for J years. Hays , Kansas . 
Quadrat number 
Species s4-1 s4-2 S4-3 S4- 4 Total for grid 
'39 '40 '41 '.39 ' 40 ' 41 ' ;,9 ' 40 ' 41 ' .39 ' 40 ' 41 ' 39 ' L1-0 ' 41 
Aster rnultiflorus 8 20 28 4 5 7 0 0 0 0 0 0 12 25 35 
Cheirinia aspera 2 0 0 6 0 7 3 0 27 2 8 0 13 8 .34 
Echinaceae angustifolia 2 .3 3 6 4 2 4 1 0 5 1 4 17 9 9 
Galpinsia lavandulaefolia ·l 0 0 0 0 0 1 0 O' 2 0 4 4 0 4 
Liatris punctata 0 1 1 1 3 1 1 0 0 0 0 0 2 4 2 
lVlorongia uncinata 2 2 3 8 8 6 2 5 6 4 6 5 16 21 20 
Meriolix serrulata 1 0 0 2 2 1 0 0 0 0 0 0 3 2 1 
Psoralea tenuiflora 2 6 6 4 15 9 4 6 6 1 3 2 11 JO 23 
Paronychia jamesii 2 ·o 0 1 1 0 0 0 0 1 0 0 4 1 0 
Scutellaria resinosa 1 0 0 0 0 1 0 0 0 1 0 4 2 0 5 
Thelesperma gracile 0 1 1 1 2 11 0 0 1 0 0 0 1 3 13 
Traria rarnosa 11 13 11 8 11 12 3 5 5 . 0 0 0 22 29 28 
All others 0 1 2 1 0 0 2 1 1 1 2 0 4 4 3 
Total 32 47 53 42 51 57 20 18 46 17 20 19 111 136 177 
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Big-Bluestem Type 
The lower slopes and ravines where the soil is more moist, are 
dominated by big-bluestem and its associates. It was not feasible to use 
a pantograph in determining basal cover of these tall grasses. Renee, the 
plants were listed in stems per square meter. 
The domiJ1B.nt species of grasses and sedges in this type are [uldropogon 
furcatus, Sporobolus hookeri, £rn gravid!;!,, Agropyron amithii, and 
Bouteloua curtipendul,fJ,. Sub-dominant species are Sorghastrup1 nutans, 
Panicum yirgatym, ElVDl\lS virginicus. I_. canadensis, and Andropogon 
saccharoides. Species of grasses occasionally inhabiting this type are 
Boutelo~ gacilis, Buchloe dactyloides, and Sporobol.J.s $J.".Yl)~~. 
The average number o-r stems per qua.drat in this type was 838 in 1939, 
?06 in 1940, and 943 in 1941. This indicates a considerable reduction of 
cover in 1940. The big increase in 1941 was no doubt due to the great 
amount of rainfall. The shift of cover for each species during the period 
showed least decrease for the more xeric species and in some cases they 
even increa.sea.. However, the more mesic species were greatly reduced in 
number. 
Average Number of Stems of Each Species 
The nunber of stems of Andropogop ~.ll§. per meter quadrat was 436 
in 1939, 32? in 1940 and 4?5 in 1941.. For Agropyron smitpJ.;L. it was 16 
in 1939, reduced to 12 in 1940 and then increased to 19 in 1941.. BoutelOlJA 
curtipendula was relatively scarce in this area and only 6 stems were 
present in 1939, 5 in 1940 and 12 in 1941. gray!~ was also 
materially affected by the drought of 1939 and 53 stems were present 
in that year, 20 stems in 1940 and 42 stems in 1941. §2,orobolus hookeri 
gradually increased for all three years . The number of stems per square 
meter of this species for 1939, 1940, and 1941, was 327, 342, and 395 
respectively (Tabl,e 13). 
Shi.ft of Species in Representative Quadrat for Each Year 
In order to show in more detail the position ot each species o-r grass 
during the period of study, a representative quadrat is shown for each of 
the years 1939, 1940, and 1941 (Figure 9). In 1939 Andropogon furcatus 
was distributed fairly evenly throughout the quadrat. In 1940 the stems 
had decreased in nearly every square decimeter but in 1941 it made an 
enormous increase. In 1939 stei11s of Agropyron smithii were scattered 
sparingly among the other species . The nuraber of stems decreased in two 
of them during the next year; however, in 1941 it increased by reappearing 
in places vacated the year before. 
1939 19 40 
19 4 1 
1939 
And ropogo n furcotus (Af) 4 3 7 
Agropyr on smi thii (As) 2 1 
Ao ut t: louo cu rti pe n dulo {Be) 13 
Core x gro vido (Cg.) 66 
Sporob~l us hooked {Sh) 345 
1940 1941 
30 5 4 7 7 
I 7 2 5 
8 2 I 
I 3 33 
357 472 
FIG. 9. A representative meter quadrat in ungrazed 
big-bluest em type near Hays, Kansas, chart ad in July 19 39 , 
1940, and 1941. 
Boutelotta curtipendula was confined to one corner in 1939. In 1940 
40 
TABLE XIII. Number of stems of each species of grass 
charted in a meter quadrat of big-bluestem type for 3 years. 
Hays, Kansas. 
Quadrat nUlliber 
Species Year S5--1 S5-2 S5-3 S5-4 Average 
number 
1939 453 470 437 384 436 
Andropogon 1940 320 401 305 283 327 
furcatus 1941 502 480 477 443 475 
Average 415 450 406 370 410 
1939 10 24 21 · 10 16 
Agropyron 1940 8 18 17 5 12 
smithii 1941 12 27 25 15 19 
Average 10 23 21 10 16 
1939 8 0 1.3, 5 6 
Bouteloua 1940 5 0 8 8 5 
curtipendula 1941 13 0 22 14 12 
Average 9 0 14 9 8 
1939 0 2 66 145 53 
Carex 1940 0 0 13 68 20 
gravida 1941 0 8 33 127 42 
Average 0 3 37 113 38 
1939 319 420 345 226 327 
Sporobolus 1940 352 1~30 357 231 34.2 
hookeri 1941 399 465 472 246 395 
Average .356 438 391 234 329 
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it bad made a small reduction and in 1941 it was present in the same 
decimeters but had increased in number of stems. gravida inhabited 
an area near one side of the qua.drat in 1939. In 1940 it took an enormous 
loss; in many decimeters it had entirely disappeared. The increase in 
1941 was made by adding stems in decimeters alreaay inhabited. Sporobolys 
hookeri was present in large bunches throughout the unit area in 1939. 
In 1940 it increased throughout the quadrat displacing Carex gavida in 
nUD1erous cases. The following year it increased in the decimeters where 
it was found the year before, but in most instances it did not inha.bi t 
new areas. 
Forbs of Big-bluestem Type 
The grid staked out in thi s type was devoid of forbs, although 
many were growing in the vicinity. The common forbs were Vernonia baldwini, 
Salvia pitcher\ Qrn. :paryiflora, Aster multiflorys, Psoralea tenui:flora, 
Verba~ str1cta. and j\morpha canesceJli§_. Some specie.e less common \11ere 
Ratibioa columnaris, Glycnrhiza lepidota. Helianthus maxjmiliani, Lythrum 
ala.tum, Kuhnia _gJ.utinosa. Lippia cunei f'olia, ~llirrhoe involucrata, 
Affibrosia ~silo~tachn, Onosmodiµm occidenteJ,e, Solidago mollis, §.. rigida, 
Cirsium undulatym. Silphiµm intergrifoliJJW and ~. laciniatum. 
Ruderals of Big-bl uestem Type 
Debris of soil and dead plants washed down from above and covered 
much of the vegetation, creating many bare areas. These were usually 
:Populated with myriads of ruderals such as Helianthµs annuus, ChenopodiY!!!, 
~' Salsola pestifer. Euphorb~a margin~ta. Sophia intepneqia, and .2• 
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pinnata. Some les s common ruderals were Hordeum pusillum , Croton 
te;x;emJis, .c.. re0 neut h0a n11s ,. Eris:erou cenaaeD§1 s, Lappula heterospema. 
and 1,. ocoident alis . 
Ruderals wer e absent in this grid in 1939. In 1940, 29 plants of 
Chenopod.ium illm, 30 of Lappula occiaentalis, and 6 of Sophia intermedia 
were listed. The only ruderal present in 1941 was l plant of GgJ..iµm aparine. 
The Revegetation Type 
The dominant grasses in this area consisted ot Sporobolµs cryptandrus 
and Buchloe dactyloides, therefore a representative area of three quadrats 
was st aked out for each species. Sub-dominant grasses in the vicinity of 
the gri ds consisted of Bouteloua gracilis, AristidA longiseta, Chlorls 
yert icillat a . and occasionally a clump of Bouteloua curtipendula. Scat-
tered patches of Agropyron s!!!ithi1 inhabited the depressions. 
Buchloe dactyloid.e,a Area 
The average t ot al cover on the Buchloe dactyloides grid was 86.5 per 
cent i n 1939. Thi s was reduced to 74.4 per cent in 1940 and then increased 
to 89 .9 per cent in 1941. The average cover of the dominant was 85.l per 
cent in 1939. There was a significant loss in 1940 when the cover was 
only 73.l per cent . In 1941, however, the cover was increased to 89.2 
per cent (Table 14). 
The per cent cover of Sporobolus was negligible, be1Dg 
1.2, 1.1, a.nd .5 r e spectively in 1939, 1940, e.nd 1941. Only a trace of 
Arist i de longis eta was f ound in any of the three years. 
In 1939 , e. r epresentative area in the Bucbloe dgctvloides. grid had a 
TABLE XIV. Average per cent basal cover of each species of grass in each quadrat of 
Buchloe dactyloides area for 3 years. Hays, Kansas. 
Per cent of basal 
Quadrat 
cover for each species 
number B. dactyloides Sp. cryptandrus A. longiseta Total cover 
1939 1940 1941 1939 1940 1941 1939 1940 1941 1939 1940 1941 
A2-3 78.6 52.2 89.9 o.o 0.0 o.o .4 .3 .4 79.0 52.5 90.3 
A2-4 85.9 81.3 87.6 2.4 1.9 1.2 o.o o.o o.o 88.3 83 . 2 88.8 
A2-5 90.8 85.9 90.2 1.3 1.5 .3 .2 .1 .2 92.3 87.5 90.7 
Average 85.1 73.l 89.2 1.2 1.1 .5 .2 .1 . 2 86.5 74.4 89.9 
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well sodded turf with small bare ar eas s cattered throughout the quadrat 
(Figure 10). One small clump of .A.ristida longiseta nearly 2 inches in 
di~eter was growing near the b·or.der line. In 1940, the cover ha.d de-
creased greatly and the dense ma~ had divided into irregular patches 
ranging f rom approximately 2 to 12 inches in diameter. The .Ari stida 
lonaiseta su~fered only a sli ght reduction- In 1941 the scattered patches 
of Buchloe dactvloides had increased through stolon growth and had fonued 
a heavy turf with an occasional open space. The Aristida made only a 
slight increase in diameter. 
1939 1940 19 4 1 
CL] Ari st ido l on g ise ta 4 % . 3 % , 4 % 
Buch l oe d o c ty l o ide s 78 .6 % 5 2, 1 % 89 .9 % 
l_ 
FIG. 10. A r epresentative meter quadrat in ungrazed 
revegetation type, buffalo grass area near Hays, Kansas, 
charted in June 1939, 1940 , and 1941. 
Sporobolus cryptandrus Area 
The average total cover i.n the Sporobolus cryptandrus area for 1939, 
1940 , and 1941 was 32. 9, 21 . 3, and 25.0 per cent respectively (Table 15). 
TABLE XV. Average per cent basal cover of each species of grass in a meter quadrat of 
S12orobolus cry:2tandrus area for 3 years. Hays, Kansas. 
Per cent basal cover for each snecies 
Quadrat 
cryptandrus B. gracilis A. longiseta Total cover number S;p. 
1939 1940 1941 19.39 19JD 1941 1939 1940 19~1 19.39 1940 1941 
C-1 19.0 18.0 15.2 10.7 7.7 12.8 .5 .6 1.1 30.2 26 . 3 29 . 1 
C-2 36.1 21.9 29.6 0.0 o.o o.o .9 .8 • /4, .37.0 22.7 30.0 
6-2 30.6 15.0 16.0 0.0 0.0 o.o 0.0 o.o o.o 30.6 15.0 16.0 
Average 28.5 18.3 20.2 .3.5 2.5 4.2 .5 .5 .5 32.9 21.3 25 . 0 
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On this type the average cover for the dominant in 1939, 1940, and 1941 
was 28.~, 18.3, and 20.2 per cent respectively. Bouteloua gracilis was 
relatively scarce and had a cover of only 3.5 per cent in 1939, 2.5 per 
cent in 1940, and 4. 2 per cent in 194-l. A;ristidA longiseta maintained a 
cover of .5 per cent throughout the three consecutive seasons. 
In 1939, large irregular bunches of Sporobolus from 8 
to 16 inches in diameter were intermingled with many small tufts ranging 
from approximately 1 to 2 inches in diameter. In 1940, the large bunches 
had died out in the center, forming numerous am.all bunches on their per-
iphery. Some of the small clumps had entirely disappeared. In early 
July 194-l , the cover had made a slight increase by the small bunches uniting 
and the single ones enlarging in diameter (Figure 11). 
1940 
' • I > 
1939 1940 




FIG. 11. A representative meter q_uadrat in ungrazed 
revegetation type, sand dropseed area , neer Hays, Kansas, 
charted in June 1939, 1940, and 1941. 
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The mo st commo n :forbs inhabiting the revegetation tYIJe were 
.Ambrosia J29ilo st achya, Psor~ .1Juuli...tlm, Cheirnia aspera, coccinea, 
Callirrboe involucrata. and Ma],yastrµm coccineum. The less COIIBilOD species 
were Verbena bracteosa._]:,. bipinnatifida, Salvia lanceolat&. Specularia 
perfolia.t a , and Lygodesmi.~ ~a. The open cover on the Sporobolus 
cryptandrus area encoura ged the invasion of a greater number of forbs, than 
did t he closed cover of Bucbloe dactyloiaes. 
Forbs of Buchloe dactyloides Area. 
Of the 4 forbs found in the Buchloe area in 1939, there were 2 of each 
species of Ambrosia psilostachya and Psoralea ~enuiflora. Of the 4 forbs 
in 1940 , 3 were Ambrosia. psilostachya and l P soralea tenuiflor:a. Of the 20 
f'orbs in 194-1, 17 were .Ambrosia psilostachya and 3 were Psoralea ~flora 
(Tabl e 1 6). 
Forbs of Sporobolus cryptandrus Area 
Of t he 8 forbs found in the Spor9bolus area in 1939, 1 was .Ambrosia 
psilostachya, 4 were Psoralea tenuiflora . and 3 were Malva.strum ~occiae\!!1• 
Of the 11 forbs in 1940, 3 were .Ambrosia l?,Sil9stech,x.a, 2 were Psoralea 
tenuiflor~, 3 were Malyastrum coccinem, and leach of Verbena bracteosa, 
y. bi :;:1nnatifida and Salvia lanceolata. Of the 17 forb s in 194-1, 8 were 
Affi.bI9S!_a ~silostachya, 3 were Psoral~ terruiflora . 5 Malvastrum coccinelllll, 
and l Verbena bracteosa (Table 16). 
I n order to show in more detail the position of each species of f orbs 
during the period of study a repres ent ative q_uadrat 1s shown for each of 
the years 1939, 1940, and 1941 (Figure 12). It indicates that the Psoral.ea 
TABLE XVI. Total 












number of forbs in 3 quadrats of Buchloe dactyloides area and Sooro-
of the revegetation type for J years. Hays, Kansas. 
BUCHLOE DACTYLOIDES AREA. Total number of forbs 
A2-J A2-4 A2-5 Total number 
1939 1940 1941 1939 1940 1941 1939 1940 1941 1939 1940 1941 
0 0 0 0 0 9 2 3 8 2 3 17 
0 0 0 1 0 1 1 1 2 2 1 3 
0 0 0 1 0 10 3 4 10 4 4 20 
SPOnOBOLUS CRYPTANDRUS AREA. Total number of forbs 
l9~9 2§zn 19~1 1939 t§tn 19~1 I g 39 ~§io 19~1 !§~~l I ~~ab:r~fa I 
0 0 1 1 3 7 0 0 0 1 3 8 
2 1 1 2 1 2 0 0 0 4 2 3 
3 3 3 0 0 0 0 0 2 3 3 5 
0 0 0 0 0 0 0 -1 1 0 1 1 
0 1 0 0 0 0 0 0 0 0 1 0 
0 0 0 0 1 0 0 0 0 0 1 0 
5 5 5 3 5 9 0 1 3 8 11 17 
tenuU'lora wa s -fairly stable , while the Ambrosia psilostachyfi shifted 
considerably. 
1939 1940 19 41 
Pt Pt 
f--1-+~c,!-+-+-I --1-- - f--1-+-+--+- +--+--I-
t--t--+--+----1-+ -r- ---- - -
AP 
--,--
1---t-+-+--t---+--l"',P- -- - • 
.-p 
1939 1940 1941 
Ambrosio psilosta chyo (Ap) I 7 
Pso ralea tenulflora (Pt) 2 2 
Salv i o lonce o lota (SI) 0 O 
Ap 
I 
FIG. 12. A representative meter quadrat of forbs in 
ungrazed revegetetion type for 3 years, Hays, Kansas. 
Ruderels of Revegetation Type 
The most common ruderals ranging throughout the r evegetation type 
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v1ere Hordeurn ;pusillum, Solanum rostraturn, Lappula occidentalis, ~· 
heterospe:rma, Heliantbus annuus, Salsola pestifer, Planta.go purshii, E.• 
~ i nulosa, Lepiaium densiflorum, Chenopodiµm aJJwm.., and Sppb1a 1nt2med1a, 
Some less common species were Scheaonnardtls paniculatus , Faniel.UR capillare, 
Euphorbb ma6ginata, Croton texensis, and Physalis l anceolata. 
The t ot al number of ruderals per meter quadrat for each season on the 
Sporobolus area was 100 in 1939, 19? in 1940, and 3?00 in 1941. 
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The total ntmlber of plant a per square meter for each species during 
the study period in the Sporobolus area was as follows: !!Qrdewq pusilluu 
100 in 1939, l ?5 in 1940 and 3700 in 1941. Six Solanum rostratum plants 
appeared in 1940 but there were none in 1939 and 1941. There were 13 
plants of Salsola pestif'er in 1940. Tm plants of Lappula occidentalis 
were found only in 1940. 
The total nUillber of ruderals on the Bychloe dactyloides area for 
the study period was 2 in 1939, 258 in 1940 and ?4? in 1941. This var-
iation in number of ruderals for the three years would indicate that 
they are regulated by the amount of moisture. 
The nUillber of plants for each species in the buffalo grass area was 
considerably less than in the sand dro:pseed area. Two plants of' Panicun1 
ca.pilla.re were found in 1939 but none thereafter. In 1940 there were 
230 stems of Hordeum pusillum,, and ?47 in 1941. Twenty-six plants of 
Sophia inte:rrn.edia were found in 1940 and only 2 plants of Lappula 
occidentalis. 
THE nusrED TYPE 
The principal grasses in this type were Buchloe dactyloides and 
Bouteloua gracilis. Some less common species were Sporobolus cryptandrus. 
Aristida longiseta, and Agropyron smithii. By 1941 lmdropogon furcatus 
was freciuently round inhabiting the low places. 
The cover on the badly, moderately, and lightly dusted areas in the 
dusted type, portrayed considerable variation in composition or cover. 
The average per cent cover was lowest on the badly dusted, and greatest 
on the lightly dusted area. 
5l. 
Dusted Types 
The average basal cover for a grid of 4 quad.rats in each area for 
the three years was: badly dusted 14.8 per cent, moderately dusted 24.5 
per cent, and lightly dusted 30.1 per cent. 
Badly Dusted 
The total average cover for tbis area in 1939, 1940, and 1941 was 10, 
7.6, and 25.6 per cent respectively. 
The average per cent of basal cover for each species on this area 
during the study period was 9.8 per cent for Bouteloua grac111~ in 1939, 
7 .1 per cent in 1940, and 24.3 per cent in 1941. The cover for §porobolus 
cryptandrus for 1939, 1940, and 1941 was .2, .4, and 1.3 per cent respec-
tively (Table 17). 
On the badly dusted area in 1939 the bunches of Bouteloua gracili§, 
approximately 2 to 8 inches in diameter, were widely scattered throughout 
the quadrat (Figure 13). In 1940 the bunches were reduced in diameter and 
some of the smaller ones had disappeared. In 1941 the diameter of the 
large bunches had increased to nearly 13 inches. l .u 1939 and 1940 
Sporobolus cryptandrus had a cover of .1 per cent for each season. In 
1941 the one bunch had increased to approximately 3 inches in diameter. 
:Moderately Dusted 
The total average cover on this area was 27. 9 per cent in 1939, 18. 2 
per cent in 1940, and 27.4 per cent in 1941, (Table 18). 
The average basal cover for Bouteloua sracilis in this area was 22.3 
per cent in 1939. It was reduced to 17.5 per cent in 1940, and increased 
to 20.1 per cent in 1941. The cover for Bµchloe dactyloides was 3.1 pe~ cent 
TABLE XVII. Average percentage of basal cover of each s pecies of grass found in a metEr 
quadrat in badly dusted area for 3 years. Hays, Kansas . 
Badly ¼Per cent basal cover of each species 
dusted Bouteloua gracilis 8porobolus cryptandrus Total cover 
Quadrat no. 1939 1940 1941 1939 1940 1941 1939 1940 1941 
Cl-1 6 . 1 3 -9 17.9 . 1 .1 .9 6.2 4.0 18 . 8 
Cl-2 11.2 8.3 23.3 .3 .3 .8 11.5 8.6 24.1 
Cl- 3 14.1 10.3 35 .7 o.o o.o o.o 14.1 10.3 35.7 
Cl-4 7.8 6.2 20.I+ 0.5 1.2 3 .5 8 .3 7.4 23 .9 
Average 9 . 8 7 . 1 24 .3 . 2 .4 1.3 10.0 7.6 25 . 6 
TABLE XVIII. Avera.ge percentage of basal cover of each suecies of grass found in a 
meter quadrat in the moderately dusted area for three years. Hays, Kansas. 
Moderately Per cent basal cover of each species 
dusted 
Bouteloua gracilis Buchloe dactyloides Total cover 
Quadrat no. 1939 1940 1941 1939 1940 19/41 1939 1940 1941 
C3-l 15.2 13.0 30 ./+ 7.0 5.9 18.6 32.2 18.9 49.0 
CJ-.2 21.1 15.0 29.4 1.8 2.2 7.2 22.9 17.2 36.6 
C3-3 27./4 18.8 5.6 3.5 1.4 2.lf 30.9 20.2 8.0 
Average 22.3 17.5 20.l 3.1 2.5 7.3 27.9 18.2 27 .l+ 
1939 1940 1941 
----
1939 1940 1941 
Boutelouo orocllis 6.1 % 3. 9 % 17. 9 % 
fi1i.B Sporoboluscryptondrus . I % .r % .9 % 
FIG. 13. A representative meter guadrat of grasses 
on a badly dusted area near Hays, Kansas, Charted in June 
1939, 1940, and 1941. 
in 1939, 2.5 per cent in 1940, and 7.3 per cent in 1941. 
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The bunches of Bouteloua gracilis ranged from 2 to 8 inches in 
diameter on this area in 1939 (Figure 14). They were spaced at fairly 
equal distances throughout the quadrat. In 1940 the large bunches were 
divided into maey small bunches ranging from. 1 to 3 inches in diameter. 
Many of the small tufts had died, hence the cover was greatly reduced. 
The increase in 1941 was · due to the uniting of small bunches and the in-
crease in diameter of single ones. In 1939 small bunches ot buffalo 
grass were scattered throughout the quadrat. In 1940 these small bunches 
increased in diameter which slightly increased the total cover. In 1941 
the increase of cover was due to the bunches increasing in diameter to 
5 5 ' 
approxima tely 2 to 6 inches. Ne\ b ch r '< un es were o:rmed from runners produced 
during 1940. 
1939 1940 
Bout el oua grocilis 




19 4 0 
15 . 0 % 
2 . 2 % 
194 1 
29. 4 % 
7.2 % 
FIG. 14. A representative meter quadrat of grass on a 
moderately dust ed area for 3 years, Hays, Kansas. 
Lightly Dusted 
The total average cover for this area was 37.7 per cent in 1939. It 
decreased to 22.4 per cent in 1940, and then greatly increa sed to 40.4 
per cent in 1941 (Table 19). 
The average basal cover for Bouteloua gracilia for the same years 
was 25 , 15.2 and 23.8 per cent respectively. For ~chloe .91li.Otyloides 
the cover was 12.5 per cent in 1939, 7.2 per cent the following year, and 
16. 3 per cent in 1941. 
The cover of Bout eloua gracilis on this area in 1939 was composed of 
large irregular bunches from 2 to 16 inches in diameter (Figure 15). 
TABLE XIX. Average percentage of basal cover of each species of grass found in a 
meter quadrat in the lightly dusted area for 3 yearw. Hays, Kansas. 
Per cent basal cover of each species 
Lightly 
dusted Bouteloua gracilis Buchloe dactyloides Total cover 
Qua.drat no. 1939 1940 1941 1939 1940 1941 1939 1940 1941 
C2-l 30.1 18.4 23. 8 2.0 1.6 4.6 32.1 20.0 28.4 
C2-2 22.2 14.8 27.7 15.3 6.6 18.6 37. 5 21.5 46.3 
C2-3 27.2 15.8 25.7 11.9 6.9 15.9 39.1 22.7 ii-1.6 
C2-4 20.5 11.9 18.1 21.8 13 .8 27.J 42.3 25.7 45.4 
Average 25. 15.2 23 .8 12.5 7.2 16.3 37.7 22.4 40. 4 
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In 1940 the large bunches had died out in the center producing numerous 
bunches on the periphery of old bunches. Many ot the small clumps had 
disappea red. In 1941 the numerous small clumps had united and the diameter 
of single bunches was greatly increased. The diameter of the bunches at 
this time ranged from approXimately 2 to 15 inches. 
The Buchloe dactyloides cover in 1939 was represented by l large 
bunch approximately 16 inches in dironeter surrounded by numerous small clumps. 
In 1940 the large pat ch had divided into many small bunches. Many o:f the 
small clumps :present the year before were absent. In 1941 the increa se in 
cover was due largely to th~ increase in size of each tuft. 
1!'139 1940 1941 
c:::::J Boutelouo groc il 1s 22.2 % 14 . 9 % 27.7 % 
ffim Bu chtoe doc tyl oi des. I 5 3 % 6. 6 o/0 I 8.6 o/. 
FIG. 15. A representative meter quadrat of grass on a 
lightly dusted area for 3 years, Hays, Kansas. 
Forbs of Dusted Type 
Comparatively 'few species oi' forbs were found in the dusted type. Th.e 
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common ones :present in the surrounding area. were Malvastrum ooccineum, 
Ambrosia psilostachya, and Salvia lRnceolata. Some less common species were 
Psoralaa tenuiflora . Lygodesmia junce~, and~ coccinea. 
The only forb present in the study area was Malva.st.rum. coccineum. 
It pr oved t o be very drought resistant as it increased in number each 
season. I n 1939 there was an average ot 14 plants per grid. In 1940 the 
number had increased to 17, and further increa sed to 21 in 1941. Of the 
14 mallows in 1939, 8 were on the moderately dusted area and 6 were in the 
l, i ghtly dusted area. In 1940, 7 of the forbs were on the moderately dusted 
ar ea, and 10 were in the lightly dusted area. Of the 24 in 1941, 9 were in 
t he moderately dusted area and 12 were in the lightly dusted area. The 
badly dusted area was devoid of forbs during the period of study. To fur-
t her show the position of each plant during the study period, a represent-
ative q_uadrat for the dusted type is shown in Figure 16. Four plaIIts 
of MalvastrUlll coccineum were present in 1939. Five plants were present in 
1940 . The following year the same 5 plants were present in addition to the 
2 new ones that had appeared. 
Ruderals of Dusted Type 
Species of ruderals commonly found on the dusted type surround~ng 
t he study area were Horde3i!1 pusillum, Chenouodium ~lbwh Lappula occidentalis, 
Lepi dium g.ensi:f'lorum, Sophia pinil§;ta, .§,. intermedia. Salsola pestif'er, 
Panicym capillare. Mollugo verttcillata, Planta ~ purshii, Helianthus 
a nnuus, .Amaranthus ratroflexus, !: graecizans, Chamaesyce glyptosperma. , 
Q. se)."pens, Hedeoma hispida and Festuca octoflora. 
193 9 19 4 0 l 941 .. 
I I - -
_:_j_ 





.. i I 1 I • 
19 3 9 1940 19 41 
Molvo struni coccineum {Mc) 4 5 
FIG. 16. A representative meter quadrat of forbs on 
dusted type near Hays, Kansas, charted in June 1939, 1940, 
and 1941. 
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The shif't of dominance in this type varied considerably in the 
different dusted areas. Dominant species on the badly dusted area 
for 1939, was LappyJ.a occidentalis; it changed to ChenopodiUlll 
i n 1940, and to Hordeµm pusillum in 1941 {Table 20). 
The leading species for the moderately dusted area was Hordeum 
puai llum for all three years. In 1941 as many as 9000 stems were 
present in a single quadrat. Other species of ruderals listed in 
this area throughout the study period were ~ula occidentalis, 
Chenopodium albun, Salsola pestifer. Lepidium densiflorum. Plantago 
purshii, Hedeoma hispida and Sophia pinnata. 
Hordeum pusillum was the leading species in the lightly dusted 
area for all three years. Other species oommon in this area. are the 
same as those mentioned above, except Festuca octoflora that appeared 
only in 1940. 
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TABLE XX. Total number of plants of eac.n species of 
ruderals in 4 meter quadrats of eacn area of the-dusted 
type . Hays, Kansas. 
Species 1939 1940 1941 
BADLY D-eJSTED 
Chenopodium album 157 1283 0 
Hordeum pusillum 0 15 478 
Lappula occidentalis 945 4 0 
Lepidium densii'lorum 0 12 0 
Mollugo verticillata 0 0 265 
Panicum ca-oillare 0 0 115 
Sophia pinnata 0 4 0 
Salsola pestifer 0 0 5 
Average total 1102 1318 863 
:MODERATELY DUSTED 
Chenopodium album 38 7 0 
Hedeoma hispida 0 4 0 
Hordeum uus illum 1000 1750 ~0500 
Lappula occidentalis 195 135 0 
Lepidium densiflorurn 0 11 0 
Plantago pursnii 0 5 0 
Salsola pestifer 0 1 0 
Sophia pinnata 0 1 0 
I'otal 1229 1930 20500 
LIGHTLY DUS·rED 
Chenopodium album 61 40 0 
Festuca octoflora 0 14 0 
Heaeoma hi suida 0 7 0 
Horaeum pusillum 530 965 10250 
Lappula occidentalis 370 430 0 
Lepidium densiflorum 0 21 0 
Sopnia p8nnata 951 1518 10250 
Total 951 1518 10250 
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SEED YIELD ON DIFFERENI' TYPF.s 
The seed yield for each species in each habitat varied greatly for 
the different years. Variation was also apparent for each species in each 
habitat during each year. It was evident throughout the three years of 
study that the fluctuation in seed yield was governed by various environ-
mental factors. The high temperature, deficient rainfall, high wind 
velocity and deficient soil moisture in 1939 reduced the seed yield in 
many species to nil. The reduction in :plant cover due to drought in the 
fall of 1939 also decreased the yield in 1940. Im.proved climatic condi-
tions in 1941, however, produced remarkable increases in the seed yields 
ot most of the species studied. The dense growth of Hordeum pusillqn ,in 
the open cover of short grass decreased the light greatly and was vecy 
detrimental to the yield of native plants in these area s. 
The damage to seed by insects was quite evident in 1939. Entire plants 
of Morongia uncinata and Psoralea tenuiflor:!l were eaten by walking sticks. 
During this same season, grasshoppers destroyed many flo wer hea ds of 
Bouteloua gracilis, ii• cm;:tipendula. and Buohloe dactyloides. The grass-
hoppers also damaged l a rge quantities of seed in 1940 and 1941. Many 
larvae of other insects were found feeding upon the seed of various plants 
when the harvest was made. 'While threshing Lesguerella oyalifolia seed in 
1941, many of the pods which were devoid of seed, contained small white 
larvae. 
The feeding of rodents was evident on Tragia r amo sa a s many pods were 
broken open and the seeds were eaten. Many burs of Bucbloe dactyloidM had 
been torn apart and the seed destroyed. 
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The combination of all environmental factors resulted in variation of 
seed production for each season during the period of research. 
Short Grass Type 
The average total yield of seed in pounds per acre for each of the 
three years was 6.6 pounds in the dry year of 1939, 481.4 pounds in 1940, 
and 326.9 pounds per acre in 1941. 
Of the 6.6 pounds per acre produced in 1939, 3.6 pounds was grass seed 
and the remaining 3 pounds was ruderal seed. The total yield in 1940 was 
481. 4 pounds per acre. 0:f this amount, the grasses produced 14. 4 pounds, 
the forbs 58 pounds, and the ruderals 409 pounds. Out of 326.9 pounds in 
19 41, 30. 4 pounds was grass seed, 7 9 :pounds was fo rb seed and 21?. 5 pounds 
was ruderal seed. A large number of' ruderals was listed for 1940 which did 
not appear in 1939 and 1941 which accounts for the greater seed yield of 
1940. 
The total cover for the period was 33.5 per cent n 1939, 12.5 per cent 
in 1940, a.nd 29.3 per cent in 1941 (Table 21). 
The average yield of Buchloe dactyloides seed on this type in 1939 was 
2.1 pounds per acre on a cover of 2.6 per cent. In 194-0 an average seed 
yield of 3.2- pounas was harvested from a cover of' 2.7 per cent. The :f'ollowil€ 
year 6.6 pounds of seed were produced from a basal cover of 9.9 per cent. 
The average number of caryopses per bur was l in 1939, l. 5 in 1940, and tv.o in 
1941 (Table 22). This variation in number correlates closely with the amount 
of precipitation and available soil moisture for the respective seasons. 
The average seed yield of Boutelow.i. gracili,£!_ was considerably less than 
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TABLE XXI. The average percentage 'of basal cover and pounds of 
seed per acre of each species of grass found in two 1-meter qua.drats 
in the short-grass type for three years. Hays, Kansas. 
Species 1939 1940 1941 
Cover Yield Cover Yield Cover Yield 
Buchloe dactyloides 2.6 2.1 2.7 3.2 9.9 6.6 
Bouteloua gracilis 30.4 1.5 9.7 11.2 19.2 23.8 
Sporobolus cryptandrus .5 o.o .l o.o .2 o.o 
Total 33.5 3.6 12.5 14. 4 29 . 3 30 . ~ 
that of Buohloe dactyloides in ratio to per cent of cover. This was at 
least partly due to the diminutive size of the Bouteloua gracilis caryopses. 
One thousand seed weighed only • 4-47 gram, whi.ch is approximately one million 
seed per pounds. The seed yield of Bouteloua gracilis in 1939 was only 1.5 
pounds per acre from a cover of 30.4 per cent. In 1940, it yielded 11. 2 
pounds from a cover of 9.7 per cent. The following ye"r a yield of 23.8 
pounds per acre was harvested from a cover of 19.?. per cent (Table 21). 
The variation in seed yield each year was due to variations in the number of 
spikes produced and in the number of ca.ryo:pses per hundred florets. The 
caryopses count for 1939, 1940 and 1941 was l, 12, and 18 respectively per 
hundred florets (Te.ble 22). Braneon (1939) found an average o:f l ca:ry-
opis per hundred florets on high land. 
A small tuf't of Sporobolus cryptana.~ on t hi s area f ailed to produce 
seed. 
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TABLE XXII. Number of caryopses per hundred florets 
determined rrom 1000 florets for the years 139,140, 1941. 
Hays, Kansas. 
Habitat Species Average yield 
19:3~ 1940 1941 
Bouteloua gracilis 1 12 18 
Short grass *Buchloe dactyloides 1 1.5 2 
Hordeum pusillium 15 18 2 
Andropogon furcatus 0 0 25 
AnQropogon scoparius 0 ~4.1 48.3 
Bouteloua curtipendula 4 12.l 22.3 
Little bluestem Bouteloua gracilis J.6 21 33 
Bouteloua hirsuta 15.9 32.2 41.2 
Panicum virgatum 72.4 70.2 89 
Sporobolus pilosus 83. ,4, 88 91.3 
Agropyron smithii 0 0 96 
Anaropogon furcatus 0 0 31.2 
Big bluestem Bouteloua curtipendula 0 0 27.1 
Sporobolus hookPri 0 0 98.2 
*Bucnloe d~.c tyloictes 2 3 J.: 
HevPgetation Sporobolus cryut&nurus 94 91 97 
Hordeum nusillum 20 23 
Bouteloua gracilis 4 25 38 
Dusted *Bucnloe dactyloides 1.6 2.2 2.8 
Hordeum pusillum l<:5 23 17 
* Number 01 caryopses per bur determ. ned on b&sis of 1.00 
burs. 
Yield of Forbs 
The only forb on this area in 1939 was Malyastrum _£Qcc1neum and it 
failed to produce seed. The average number of forbs per meter quadrat on 
this area in 1940 was only .5 plant of Allim nuttallii. which produced at 
the rate of 50 pounds of seed per acre. In 1941 the same number of plants 
produced 70 pounds of seed per acre. The average number of Psoralea ten-
uiflora in 1940 was l plant per meter which produced 8 pounds of seed per 
acre. The following year the same number of Psoralft~ tenµ;lflora produced 
9 pounds of seed. The average number of Mal vastrun, . coccineum for the 
three years was 1.5 plants per square meter which failed to produce seed 
during the period of study (Table 23). 
Yield of Ruderale 
Cheno_podiUI!l album was absent in 1939, but in 1940 an average of 3.5 
plants per square meter produced 14 pounds of seed per acre (Table 24). 
Thes e plants, appro:ximately seven inches high, were rather small for this 
species. In 1941 this species failed to inhabit the gri d. Festuca oeto-
.tl2l:a. was absent the first two years. In 1941, bowever, there were 14 
plants per square meter that produced 9 pounds of seed per acre. 
The number of caryopses per hundred florets of Horoeµm pusillum. was 
15 in 1939, 18 in 1940, and 22 in 1941. The avera ge seed yield for 10 
Hordeum 12usill U111 plants was three pounds per acre in 1939. In 1940, 8 
per meter qua.drat yielded 3 pounds of seed per acre, e.nd in 1941, 510 
plant s produced 20 pounds of seed. The Laupula. occi,oentalis was not 
present in 1939 and 1941, but in 1940 it was represented with an average 
of 41.5 plants per meter that produced 40 pounds of seed per acre. 
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TAPLE XXIII . Average m.unber of forbs per meter square and pounds 
of seed per acre' for eocl: spe~ies in 2 quadrats i11 the short-brass 
type for 3 years . :-rays , KA.nsas 
Species _ __l_939 l:~1Q l 941 
Number Yield Humber i.l 0 1C. um.11er Yield 
Allium nattallii 0 0 . 5 :::;o . 5 70 
Malvastrum Coccineum 1.5 0 l.f 0 1.5 0 
Psoralea tenuiflora 0 0 1 8 1 9 
Total 1.5 0 3 . 0 58 3.0 79 
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TABLE XXIV. J.veraGe number of r11dcrals per sc;_1.:~.re meter and pc,,rds 
of seed pe:::- acre for eac:b species ir 2 c..uadrats in the s' ort-g,..ass t •ne 
for 3 years. Hays, I{a.nsas . 
Sl1ort-c;ra s s Type 133S l!:1t,0 13~1 
Number Yield Eumber Yield rum~Jer Yjeld 
CLeno:podium s.lbu~ 0 0 3 . 5 H . C 0 0 
Festuca octofiora 0 0 0 () 14 . 0 9 . 0 
Hordeum pusillurn. 10.0 s.o s.o 3. (l 510. 200.0 
Lappul&. occid.er:taHs 0 0 41..:: I'(). 0 0 0 
Lepi d:. UJ11 de·1siflo,..l.l! 0 0 n1.s " 3 . 0 0 0 
Plant 0 pu.,..shii 0 0 l t' .n ~- \ 7. o.5 
Plantf~ 0 sn~ nulosa 0 0 0 0 :1: . 0 3.0 
Sti.lsola pestifer 0 0 11.J 5.0 0 0 
So 1 an w'TI rostratUI", 0 0 • 5 2 • O L () '.) 
Total 10.0 3.0 299.0 ~-5 l:j;:'5 .5 217 . 5 
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Lepidium densiflo rum. was absent from t he area in 1939 and 1941 . In 1940, 
however, an average of 217.5 plants per meter square produced at the rate 
of 333 pounds of seed per acre. Planta~pµrshii did not inhabit the area 
in 1939 but the f ollowing year 18 plants yielded 9 pounds of seed per acre. 
I~ 1941 t he number of these plants was 7.f'i and they producea 5.5 pounds of 
seed. Pl ant ago spinulosa first appeared in 1941 with 4 plants per meter 
with an acre yield or 3 pounds of seed. Salsola pestifer was not present 
in 1939 nor in 1941, but in 1940, 11 stunted plants on a square meter 
produced 5 pounds of seed per acre. The only year §2lamm1 rostratUD1 
appeared was 1940 when only .5 plant per meter yielded 2.5 pounds of seed 
per acre. 
Little-bluestem. Type 
The tot al seed yield for all locations on the little-bluestem type 
for t he years 1939, 1940, and 1941 was 129.9, 225.8, and 834.9 pounds per 
acre , r espectively. Of the 129.9 pounds of seed produced in 1939, 35.6 
pounds was grass, 94.3 pounds was forbs and the ruderal yield was zero. 
or t he 225.8 pounds produced in 1940, 36.0 pounds r1·as grass seed, 184.8 
pounds was forbs and 5 pounds was ruderals. The 834.9 pounds per acre 
produced in 1941 comprised 129.8 pounds of grass seed and 705.l pounds of 
forb s e ed. No ruderal seed was produced. 
The average yield per acre of grass seea on the upper slope was 10.7 
pounds in 1939, 16.7 pounds in 1940, and 23.2 pounds per acre in 1941 
(Table 25). For the middle slope the average seed yield for grasses in 
1939 , 1940, and 1941 was 13.3, 12, and 53.6 pounds per acre respectively 
(Table 26). on the lower slope, the yield for 1939 was 11.6 pounds, the 
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TA3LE XXV . T.1e avera '6 '"lercar.:.t,1
0
,e of be sal cover d pou~ds of see cl 
per acre of ee.c: species of r ~s founu · n two 1-meter quadrats in t,,._.e 
little-bluestem type , upper slo e , for 3 ye'l.rs . Hays , r:ansas . 
Speci es 1939 U40 Ll4-l 
Cover Yie ld Cover Yield Cover Yield 
Andropo6on fu~~etus 0 0 0 0 . ;::: 0 
Andropo ,on scopa!": us . 6 0 . 5 0 
Bouteloua. curtiren ula 3 . 5 2 . 'l . 4 . 4 1.3 4 . 2 
Bouteloue.hir suta. 3 . 7 1.5 l.J 2.3 4 . 6 
Sporoho l us pilosus 4 . 0 7 . ?, 2 . :I. 15.0 2 . 3 14 . 4 
S:?oro"'lolus cryptar ... arus 0 0 J .1 0 
Total 11.8 10. 7 ll. . 2 16.7 . 2 23 . 2 
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T.F'LE XXVI . Tne averace percent&[e of basal cover enJ. :'Ounds of seed 
per acre !'or eac'1. species of ::;rass in tv o 1- aeter quaclrats in tLe little-
bluestem type, r•iddle sloi.Je, 3 years . :lays , Kansas . 
Species l~Q9 1940 1941 
CoYer Yield co~rer Y::.eld Cover Yield 
.A.ndropo~cn furcqtus 7 '7 • v 0 . 6 0 S.8 3.5 
.Andro20E;on scopt..rius .1 0 0 0 0 0 
Bouteloua curti e:ricule. 2~ . 8 12.1 s r,: • v 10.1 22 . 3 48 . 4 
Bouteloua r-.irsuta 1.6 1.2 1.4 1.8 1.3 1.6 
Ari sti u& lon ._·L,eta .1 0 .3 . l 
.., .1 . '--
Sporobolus pilosus .2 0 .1 0 0 
Total 3A..l 13 . 3 10.7 12.0 ·~7 .'7 c:: ' vv.o 
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following year the yield was 7.3 pounds and in 1941 it increased to 53.0 
pounds per acre (Table 27). 
Andropogon .furcatus did not produce seed in this area during the 
first two yea.rs. In 1941, however, the average number of caryopses at all 
locations was 25 per hundred florets. No caryopses were produced by this 
species during any of the years on the upper slope, but on the middle slope, 
e.n average cover of 3.8 per cent produced 3.5 pounds of seed per acre. On 
the lower slope, 5.1 per cent cover produced 13.3 pounds of seed. 
APrropogon scoparious failed to yield seed during the dry year of 1959, 
but in 1940 the number of caryopses averaged 24.1 per hundred florets on 
the upper sloJ;)e where the underlying limestone was exposed in most places. 
The yield for this species was only .3 pound per acre on a cover of .5 per 
cent. In 1941 this species produced seeds on only the lower slope. In 
average cover of .8 per cent produced l pound of seed per acre. 
Boµteloua, curtipendula produced an average of 4 caryopses per hundred 
florets in 1939. In 1940, it was 12.l per hundred florets and in 1941 the 
average number was increased to 22.Z caryopses per hundred florets. On 
the upper slope in 1959, a cover of 3.~ per cent for this species produced 
2.0 pounds .of seed per acre. In 1940 a meager cover of .4: per cent produced 
only .4 pounds, and in 1941 a cover of l.~ per cent produced 4.2 pounds of 
seed per acre. On the middle slope in 1939 a cover of 24.8 per cent pro-
duced 12.1 pounds of seed. In 1940, the cover was reduced to 8.3 per cent 
and produced 10.1 pounds. In 1941 the yield was 48. 4 pounds per acre on a 
cover of 22.3 per cent. On the lower slope in 1939 an average cover of 
6.9 per cent produced 2.2 pounds of seed per acre. In 1940 a slightly 
d Of 2 5 Yield
ed only 1.1 pounds of seed, and the following 
decrease cover • 
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TA 1L<', JII . i' e --ve'",._c..;e percent1:_,-3 of bes 1 nover ~Jlc pon~ds of 
seed per f ~:?'."'e L:r "'CJ.0 1 SJ:.> ,c· t::S cf '-'re ss i r b 0 1- .. ete, .unc.,.. ts in t .e 
litt_~e-llueste 1 type , lovrer slope, 1or 3 :i·ears . J.Jays , Kans:.,.s. 
··per,ies 1939 1940 lGH 
Cover Yield Cover Yielc- Cover held 
rndrono 0'1 :\,.,..re us o.9 0 1. 6 0 6 .1 13 . 3 
1 .dropo 0 s coparius 1.7 0 .1 0 . 8 1. 0 
Aristida le 1 iseta .5 . 2 . 2 .1 . 4 . 3 
Boutelo,m c·,rti nen-1..ila 6 . 9 2 • .:: 2 . 5 1.1 :, • ti lZ.2 
Doutel0c,1 rLcilis 1 u 1.1 1.2 1.8 • Q 4 .1 ) 0 v 
BoutEloue. •. irs ta r~ • U 1.J -~ G • . 6 . 8 
Pani u~ :vir~utwQ 1.4 3.,.) . 7 .... o :2 . 2 6 .1 
Spo roboh,s crypt l T"l'S . 1 ;) \) v 0 0 
Sporo olus :ilcs1As 1.9 z.c . 8 ..::.o l.L'- d . 2 
Total ~l. J 11.6 7 . 7.3 21. ~ 53.0 
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year a cover of 5.8 per cent produced 13.~ pounds of seed per acre. 
The average number of caryopses per hundred florets for Bouteloua 
la!rsuta was 15.9 in 1939. Branson (1939) counted 17 caryopses per hundred 
florets. In 1940 it was 32.2 per hundred florets and in 1941 an average of 
41.2 caryopses was found. During the season of 1939, the average cover on 
the upper slope was 3.7 per cent producing 1.5 pounds of caryopses per acre. 
In 1940 a .9 per cent cover produced one pounds of seed, and in the fol-
lowing year 2. 3 per cent cover yielded 4.6 pounds of seed per acre. On 
the middle slope in 1939, a cover of 1. 6 per cent produced l. 2 pounds of 
oaryopses. In 1940, 1.8 pounds per acre was produced on a cover of 1.4 
per cent, and in 1941 a cover of 1.3 per cent produced 1.6 pounds of seed. 
On the lower slope the cover of this species for 1939 was 2.8 per cent, 
producing 1 pound of seed. The following year an average cover of • 4 per 
cent produced .3 pounds of seed and in 1941 a 2.4 per cent cover yielded 
6. 8 pounds per acre. 
The average caryopses count per hundred florets for Bouteloua 
£,racilis on t he lower slope was 3.E in 1939, 21 in 1940, and 33 in 1941. 
An average cover of 1 . 8 per cent produced 1.1 pounds of seed in 1939. 
The following year a cover of 1.2 per cent gave a yield of 1.8 pounds 
and i n 1941 a cover or 3.8 per cent produced 4.1 pounds of seed per acre. 
The average nUlllber of caryopses per hundred florets for Sporobolus 
~ilosus in 1939, 1940, and 1941 was 83.4, 88, and 91.3 per cent respec-
tively. The average cover for two quadrats on the upper slope in 1939 
was 4.o per cent and it produced 7.2 pounds of seed. In 1940, a cover of 
2. 4 per cent yielded 15 pounds and a cover of 2.3 per cent the following 
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year produced 14. 4 pounds of seed per acre. It failed to produce seed on 
the middle slope during the period of study. For the lower slope, a 
cover of 1.9 pe r cent gave a yield of 3 . 6 pounds of caryopses in 1939. 
The fol l owing year a cover of .8 per cent produced 2 pounds and in 1941 
a cover ot 1. 4 per cent gave an average seed yield of a.~ pounds per acre. 
The average cover of Sporobolus crypt andrus and Aristida longiseta 
was almo st nil. The seed yield was too negligible to get an accurate 
count . 
The caryo:pses count :tor Panioum 1irgatw for 1939, 1940, and 1941 was 
72.4, 70.2 and 89 respectively per hundred florets. Its only place or 
habit ation was on the lower slope. In 1939 an average cover of 1. 4 per 
cent produced 3.5 pounds or seed. In 1940 a cover or .7 per cent gave a 
yield of 2 pounds and a cover of 2.2 per cent in 1941 yielded 6.1 pounds 
of seed per acre. 
Number of Forbs and Yield of Seed 
Upper Slope 
The total average seed yield of the 2 quadrats for 1939, 1940, and 
1941 was 65.3 1 51.6 and 204.4 pounds per acre respectively. 
I n 1939, Cheirinia produced at the rate of 22 pounds of seed 
per a cre trom 7.5 plants per square meter (Table 28). The following 
year an average of l.5 plants produced 6 pounds per acre and in 1941 a 
seed yield of 65 pounds per acre was harvested from. 29 plants per meter 
quadrat . Echinacea angustif'olia producBd 7 pounds of seed from 1.5 
plants in 1939. The following year l plant produced at the rate of 6.2 
pounds of seed per acre. However, in 1941, the same plant produced at 
the rate of 10. 6 pounds of seed per acre. Lesguerella ovalifolia did not 
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TJJ,J3L' XXVIII . Average nu:i-1.ber of i'orbs per ineter square and pounds 
of seed per acre of e<\.'Jr1 s)G :ies in 2 <.1.1.;a r· ts or t' e little '1luestem 
ty2e, UL)er slo_..e, for 3 :,,rerrs . =-,_ays , LL.rsas. 
Species 1 ("7" - ,c.J.J l.?40 1941 
Furnber Yield Nuri..,er Yield :;l.c. l )61' -field 
Cheirinie asper& 7. 5 28.0 l.b 6 , ~ <.,,:J .o 65.0 
Ec11i11aceB e.n ·usti10 ha 1.5 7 . 0 1.0 6.2 1. 0 10.6 
Lesquerella. ovali1olia. 1.5 0 0 0 2. 5 10.0 
Lie.tri s punctata t1. . 0 14 . 0 1.5 6 .1 1,., 5,0 
Lit: ospermum li"leA 1~.; -2vl' u.TJ1 1.0 LL) 3.0 10.0 c::.o.O 
Heriolix serrulata 8.0 13.8 6 . 0 q.~ 11.0 67.u 
liloron ia 1·ncinata . ::: 0 i:: . 0 . 5 9 . 8 • v 
s0ralea tenu-;.. _'lora r 0 1.0 2.0 J . ..., 
Paronyc'1ie. jel'lesii . b 4.5 V 0 u 0 
T11.elesperma racile 0 0 1.5 9.0 2.0 9.0 
Tetn euris steno pi.-i:,, l ln t1. 5 r) L O _, 5. j [) 0 
Tote.l 2s . o 6" '7 u • .., 19.0 51.6 •LI .0 204 . 4 
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yield seed the first two years but in the third year 2.5 plants produced 
~u pounds of seed per acre. Liat r is punctata produQed 14 pounds of seed 
-'='er acre from 4 plants in 1939 . In 1940 the seed yield was 6.1 pounds 
rrom an average of 1.5 plants per meter, and in 1941, 1 plant produced 5 
pounds of seed. The yield of Lithogpermum linearfolium in 1939 was 4 
pounds of seed from l plant per meter square. In 1940, 3 plants gave a 
yield of 10 :pounds and in 1941, 5 plants produced at the rate of 28 
pounds of seed per acre. In 1939 the evening primrose (Meriolix serrulata) 
produced 13.8 pounds of seed from 8 plants per meter square. The following 
yea r 6 plants gave a yield of 9.3 pounds and in 1941, 67 pounds of seed were 
harvested from 11 plants. The first two years Morongia YBCinata pods were 
e at en by walking sticks, a species of insects belonging to the order 
Orthopt era. The third year an average of .5 plant produced 9.8 pounds of 
seed per ,acre . Paronychia jamesii produced 4. 5 pounds of' seed from an av-
erage of • 5 plant in 1939 but this plant perished during the severe fall 
o.rought of this year. Thelesperma grncile failed to :produce seed in 1939. 
The following year an average of 1.5 plants produced 9 pounds of seed per 
acre . In 1941, 9 pounds o:f seed was harvested from 2 plants. In 1939 
Tet raneuris stenophylla did not yield seed. In 1940, 3 plants produced 
5 pounds o:f seed, however, in late July all plants of this species in the 
study area di ed. 
s ~ecies of plants inhabiting the two study qua.drats on the upper 
slope that dici not produce seed were Psoralea tenui.:flora, Galpinsi§.. 
lavandulaefolia, Hymenouappus corymbosus, Evolyulus -oilosus. Psoralea 
esculenta, a nd acerates yirldflora. 
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Middle Slope 
The average total seed yield in pounds per acre for the two study 
q\19.dra t s i n 1939, 1940, and 1941 was O, 64.2, and 169.7 powids, respec-
tively (Table 29). 
In 1939 .Amorpha canescens failed to produce seed. In 1940, 3.5 plants 
produced 22.2 powids of seed, and in 1941, 5 plants produced 30.7 pounds of 
seed p er acre. Echinacea angustifolia did not produce seed the first year. 
The next year 1 plant produced 9 powids and the following year 12 powids 
were produced from an average of 1.5 plants per meter. Liatris py.nctata 
fail ed to · yield seed during the first year, but in 1940, 2 plants produced 
8 po wids and in 1941, 1 plant yielded 5 pounds of seed per acre. Meriolix 
serrulat~ did not appear the first two years, but in 1941, an average of .5 
pla nt per meter were present and produced 4 pounds of seed. In 1939 the 
Morongia uncina.ta pods were eaten by walking sticks. The following year 1 
plant produced 5 pounds of seed and in 1941 the same ntIIllber of plants 
yielded 21 pounds of seed per acre. Thelesperma gracile did not yield 
seed in 1939, but the next year 20 pounds of seed was produced from 3 plants 
and in 1941 an average of 9.5 plants produced 97 pounds of seed per acre. 
Species, charted in this area of two quadrats, that did not yield seed 
during the study period were Psoralea tenuiflora. Tetraneuris stenophylla, 
Acerat es y1ridiflora, Asclepias pµmila, and Cheirinia aspera. 
Lower Slope 
The total average seed yield from the t'l'/0 study qua.drats in 1939, 1940, 
and 1941 was 29, 69, and 307 pounds respectively. (Table 30). 
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T.fu'3LE XXIX . .verace numb"'r of forl>s 'Je:c- rri.eter square anc po•u.ds of 
seed per acre of eac~ s,ecies in 2 quadrats o~ t,P little bluesten type, 
middle slope , for 3 yea-::-s . I'ays, Kansas . 
Speci es 1939 194(") 1941 
Cover Y~eld '.::over· Yield Cover Yield -.A.morph<:t c.,.;,"escens 0 ~ -5 22.2 5 . 0 '70 . 7 Echinacea a.n 0 us ti.:'olia 1 0 1.0 3.~ 1.5 12. Lie.tris punctatii 5 0 2 . 0 u . O 1.:) 5 . 0 f eriolix serrulata. 0 0 0 0 . 5 4.0 J,,orori __;ia uncinatr 2 0 1. 0 5 . J 1. I 21.0 Psora.lee tenuifllora 0 J l 0 3 . 0 0 Thelesper,11a racile 0 lJ 3 . 0 20.CJ 9 . 5 97.0 Tetr 11eur:;.s ste.,. 0 }-.:rllc,_ 1 C C 0 0 J 
':'otal 13 0 10 . ,.;; 3L • 2 .. 1.5 lt,9. 7 
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T LE XXX . Aver ·e Ut er f for' s per 1eter s -1ua.re ana .>oun s 0' 
.,eed :Jer ac.·e OJ. eac z.1.Jec es in i .uflcl1·f.. ts of t'1e lit le 'ih4es ~e 1 t: e, l o, ·er sloue !:.~or 3 ;re&rs . fays , ... EJnso.s . 
Speci es 18.5~ 194 "'l 1941 
Number Yield ! umber Yield tJum',er Yield 
ChE iri 1ia n.spera • • o 13 0 0 ,., . ) .30 
Aster rnl t~ flo. u::; 6 . ) 0 1~ . o 21 17 . LO 
Cirs: , .. , ·~ c ulE:.tlA.>r.. 0 V l.Q Lu ,1 
"china.c ea. nn ,usti.·01 · · 4. .o 12 3. ) 1~ 1. 4 
Ga l ninsie. l .- ': I laefolia . 5 0 0 (., 0 
Hou s tonia a.n usti.1. olia. 0 0 0 2 
Liatris punctata .s 0 2 . 0 10 1. 9 
oron .:.a 1u1 c inat~. i..) .o r) 0 . ) 7 4 . 8 
i,.erlolix serrul ate. 1. 5 G 1. 0 0 . s b 
Psoralea tenui.f l oria. ,'i . Q J 1) . 5 0 r: b 
T'1elesperma __,racile . 3 0 l.b cl ti . 0 C 
Tr aci.a. ra.riosa 9 . 5 0 1:.u 10 11. 5 15 
'3cute l laria resi10s . 5 2 0 u J 
Total ,=i5 . 0 _g 11 .... 0 '9 3 7 
- --- - -----
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The average number of 4 plants _per meter of Chei;rnia aspera in 1939 
yielded 13 pounds of seed. The f ollowing year it was absent, but in 1941, 
3 plants produced an average acre yield of 30 pounds of seed. Aster ~-
floru.s was repres ented by 6 plants in 1939, but failed to produce seed. 
The followi ng year 12 plants produced 21 pounds of seed and in 1941 an 
average of 17. 5 plants produced 180 pounds of seed per acr e. Cirsium 
undulatum did not produce seed the first two years but in 1941, 1 plant 
produced 4 pounds of seed. In 1939, Echinacea angustifol!~ was represented 
by 4 plants per meter and produced 12 pounds of seed. In 1940, the 3 plants 
produced 13 pounds of seed, and in 1941, 1 plant yielded 4 pounds of seed 
per a cr e . Houstonia angustifolia first appeared in 1941 and produced only 
2 pounds of seed from an average of .5 plant per meter. Liatr1s punctata 
did not produce seed the first year. In 1940, however, 2 plants produced 
10 pounds of seed and in 1941, 9 pounds of seed were harvested from 1 plant. 
In 1939 the gr een pods of Morongia unoinata were consumed by the same type 
of insect t hat destroyed the pods in the other locati ns. The following 
year 5 plants gave a yield of 7 pounds of seed per acr e, and duri ng 1941, 
4 plants produced 8 pounds of seed per acre. 
In 1939, an average of 1 . 5 plants per meter of 14eriolix serrµlata 
produced 2 pounds of seed. The following year it did not yield seed, but 
in 1 941 , an average of .5 plant per meter produced 5 pounds of seed per acre. 
The Psoralea tenui.:tlora seed was eaten by walking sticks the first two 
sea sons, but in 1941 a seed yield or 5 pounds per acre was threshed from 
7.5 pla nt s . Thelesperm.a gracile failed to yield seed the first year. 
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However, in 1940, 8 :pounds of seed were harvested from an average of 1.5 
plants and in 1941, the seed crop :from 6 plants was 45 pounds per acre. 
Tragia ramosa was destroyed by rodents in the first year. In 1940, a 
seed yield of 10 pounds was harvested from 12 plants. In 1941, an average 
of 11.5 :plants yielded 15 pounds of seed per acre. Scutellaria resinosa 
produced seed only during 1939 when an average of .5 plant per meter pro-
duced 2 pounds of seed per acre. 
Species of plant in the study quadrats on the lower slope that failed 
to yield seed during the entire study period were Galpinsia. lavandulae.:tbJ.ia, 
Paron.ychia jamesii, and Psoralea esculenta. 
Number and Seed Yield of Ruderals 
The species or ruderals found growing in the little-bluestem type 
were limited to three. Lappula occidentalis was the only one producing seed. 
In 1940 an average of 11.5 plants on the upper slope produced 5 pounds of 
seed per acre. 
Big-bluest em Type 
The seed yield in thi.s type during 1939 was extremely low. The drought 
caused the succulent grasses to wither and dry up when only approximately 
16 inches high. 
In 1940 the seed crop was destroyed by livestock, hence no data were 
secured. 
The abundant seed yield in 1941 was no doubt due to the ideal climatic 
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conditiollS prevailing throughout the growing season. Sporobolus bookeri. 
with an average of 98.2 caryopses per hundred florets, yielded at the rate 
of 909. 3 pounds of seed per acre from 432 stems per meter square (Table 31). 
Andropo gon turcatus, with an average .of 31.2 caryopses per hundred florets, 
produce d 50 . 5 pounds of caryopsis bearing seed from 491 stems. The cary-
opses count in ~ropyron smithii was unusually high f'or this year and with 
96 caryopses per hundred florets, the yield from 19 . 5 stems per square 
meter was 70.5 pounds per acre. Bouteloua curtipendula. though having 
only an average of 27 .l caryopses per hundred florets, was above normal for 
t his species and yielded at the rate of 12.5 pounds of seed per acre from 
6.5 stems. Carex grayida produced 26.4 pounds of seed from 4 stems. How-
ever many of the seeds had shattered before harvest. 
Forbs were absent from the study area throughout the period of research. 
The severe drought of 1939 greatly reduced the cover in this area in 
1940 and large open spaces were common in which the invading ruderals could 
grow. During this season an average ot 14.5 plant E of Chepppodium albuu 
produced 61 :pounds of' seed per acre. Lappula occidentalis yielded at the 
rate of 3 pounds of seed per acre from 15 plants and Sophia pinnata yielded 
a similar amount from 3 plants per meter square. 
Revegetation Type 
The average total seed yield of all the grasses on the Buchloe dacty-
loide s area in 1939 was 31.2 pounds per acre. Ot the 78.6 pounds per acre 
of s e ed produced in 1940, 30.6 pound8 were grass seed and 48 pounds were 
f urnished by ruderals. or the 2.82. 6 pounds of seed in 1941 the grasses 
TABLE XXXI. Average number of stems per square meter and pounds of seed per acre 
of each soecies of rrass in 2 quadrats of big bluestem type for 3 years. Hays, Kansas. 
Habitat Species 
1939 
No. stems Yield 
Big- Andropogon furcatus 461.5 o.o 
Andropogon smithii 17. o.o 
bluestem Bouteloua curtipendula 4. o.o 
Carex gravida 1. o.o 
Sporobolus hookeri 369.5 o.o 
Total 85.3.0 0.0 
1940 
No. stems Yield 
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produced 82.6 pounds, the forbs yielded 100 P0llllds and rudera.ls 100 pounds 
per acre. 
The only two grasses inhabiting the buffalo grass area were Aristida 
longiseta and Buchloe dactyloio.es. The cover of Aristida was less than l 
per cent, thus making the seed yield too negligible tor an accurate count. 
A heavy turr of' buf'falo grass occupied the greater per cent of' this area. 
The average number of caryopses per bur for the study period 1939, 1940, and 
1941 was 2, 3, and 3.2 respectively. In 1939 an average cover of 78.6 per 
cent produced 31.2 pounds of seed. The next year a cover of 52.2 per cent 
yielded 30.6 pounds and in 1941 a cover of 89.5 per cent produced 82.6 
pounds of seed per acre (Table 32). 
TABLE XXXII. The average percentage basal cover and pounds of 
seed per acre of each species of grass int~ 1-meter quadrats on 
Buchloe dactyloides area for 3 years. Hays, Kansas. 
Species 1939 1940 1941 
Cover Yield Cover Yiel d Cover Yield 
Aristida longiseta o.~ o.o 0.3 o.o 0.4: o.o 
Buchloe dactyloides 78.6 31.2 52.2 30. 6 89.5 82.6 
Total 79.0 31.2 52.5 30.6 89.9 82.6 
In the s;eorobolus crotandrus area in 1939 the total average seed 
yield was 184 pounds per acre. The grass seed yield was 172 pounds, the 
forbs zero, e.nd the ruderals 12 pounds per acre. Of the 126 pounds of seed 
produced in 1940, 87 pounds were grass seeds, 39 pounds were ruderai seeds 
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but the f'orbs again failed to :produce. During 1941 the total seed yield 
was 437 pounds. Ot this amount the yield of grass seed ·was 163 pounds, 
that of forbs 24 pounds and for ruderals it was 250 pounds per acre. 
The abundant seed yield, of Sporobolus cryptandr~ during the extreme 
drought of 1939, helps to explain the successful invasion of this species, 
throughout the mixed prairie during the period of prolonged drought. 
During the study period, SporobolW!_ cryptandi:us produced myriads or 
tiny red seeds. A thousand of these seeds weighed only .091 gram or ap-
proximately 5 million seeds per pound. The number of' caryopses per hundred 
florets in 1939, 1940, and 1941 was 94, 91, a.nd 97, reSl)ectively. In 1939 
a cover of 24.8 per cent produced 172 pounds. In 1940 a cover of 16.5 per 
cent yielded 87 pounds of seed and the following year 163 pounds per acre 
were harvested fronL a cover of 17. 5 per cent. The amount of rainfall had 
but little effect on the seed yield of this species, as most of the seeds 
mature within the sheath and the flower clusters are protected from hot 
winds (Table 33). 
TABLE XJOCIII. Average percentage basal cover and pounds of seed 
per acre for each species of grass in two 1-meter quadrats on 
Sporobolus cryptancyU§. area. 
1939 1940 1941 
Species 
Cover Yield Cover Yield Cover Yield 
Aristida longiseta 0.2 o.o 0.3 o.o o. !i o.o 
Sporobolus cryptandrus 24.8 172.0 16. fi 87.0 17.5 163.0 
Total 25.0 172.0 16.8 87.0 18.0 163.0 
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Forbs of Revegetation Ty:pe 
The only forb that produced seed in the Buchloe .dactyloiaes area was 
.Ambrosia psilostachya and the only year it appeared in this area was 194-l 
with a density of 9 plants per square meter that yielded 100 pounds p er 
acre of seed. 
The only season during which forbs produced seed in the Sporobolus 
cryptandrus area was 1941 • .Ambrosia psilostacqa produced 15 pounds per 
acre of seed from an average or .5 plant and Verbena bracteosa produced 9 
pounds of seed from appro:xima.tely the same number of plants. 
Ruderala of Revegetation Type 
The ruderals of the Buchlo~ dactyloides area failed to yield seed in 
1939. In 1940, however, Hordeum pusillum.. with a caryopses count of 20 
per hundred florets, produced 30 pounds of seed per acre from an average 
of 67 .5 plants per meter. The following year 225 plants per meter produced 
at the rate of 100 pounds of seed per acre, with a caryopses count of 23 
per hundred florets. In 1940 Lappula occidentalis yielded 2 pounds of 
seed from 1 plant per meter. The next yea:r it was not present in this area. 
In 194.0 !:lantago purshii produced l pound of seed from an average of 1.5 
plants and an average o~ 12.5 plants of Sophia ptpnata yielded 15 pounds 
ot seed per acre. 
The seed yield of ruderals in the Sporobol,m; cryptandrus area was 
much greater than in the buffalo grass area. This was due to the more 
open cover in the Sporobolµs ty:pe. H.ordeUJD. rnj.lltllll was the only ruderal 
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present in 1939 and 1941. The ca.ryopses count for it in 1939, 1940, and 
1941, was 18, 23, and 17, respectively, per hundred florets. The seed 
yield for Hordeum pusillJ.11[ in 1939 was 12 pounds per acre from 50 plants 
per meter. The following year an average of 62.5 plants yielded 18 pounds 
of' seed and in 1941, 150 plants yielded 250 pounds of seed per acre. In 
1940, Lappula occidentalis produced 3 pounds of seed from an average of .5 
plant. The same y.ea r Salsola pesj;J.~ yielded at the rate of 2 pounds of 
seed per acre from 6 plants per square meter and Solanum. rostratum produced 
16 pounds of seed from 3pplants. 
Dusted Typ e 
The average tot al seed yield for this type in 1939, 1940, and 1941 was 
276.2, 485.8, and 1605.8 pounds p er acre respectively. 
On the badly dusted portion the average total yield was 89.£1 pounds in 
1939, 106.3 pounds in 1940, and 168.~ pounds per acre in 194i. 
The moderately dusted area had a total yield of 1 22.7, 317.8, and 
629.7 pounds per acre, respectively, for 1939, 1940, and 1941. 
The total yield on the lightly dusted area in 1939 was 63. 6 pounds. 
The following year it was 161.7 pounds and in 1941, 807.3 of seed per acre 
were ha rvest ed. 
The abundant yield in 1941 was due to the heavy sta nd of Hordeum 
pusilltm. Bouteloua _g,racilis also produced more seed than during 1939 and 
1940. 
The average caryopses count per hundred florets for Bouteloua gracilis 
on this type for 1939, 1940, and 1941 was 4, 25, and 38, respectively. 
Similar figures for Bucbloe dactyloides was 1.6, 2.2, and 2.8 for the same 
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1,hree years. 
Seed Yield of Each Species of Grass on the Badly Dusted .Area 
In 1939 , Bouteloµa gracilis with an average cover of 8.6 per cent 
fail ed to produce ripened seed as grasshoppers conswned the immature 
spikes. In 1940 a 6.1 per cent .cover yielded 8.5 pounds of seed per 
a cr e (Table 34). The next year an average of 20.1 per cent cover pro-
duced numerous spikes that averaged 3.3 cm. in length and yielded 51 
pounds of seed per acre. 
TABLE XXXIV. The average percentage of basal cover and 
pounds of seed per acre for species of grass on two 1-meter 
quad.rats in the badly dusted area for 3 years. Hays, Kansas. 
1939 1940 1941 
Species 
Cover Yield Cover Yield Cover Yield 
Bouteloua gracilis 8.6 o.o 6.1 8.5 20.1 51.0 
Sporobolus crypt andrus .1 o.o 0.3 o.o 1.7 o.o 
Total 8.? o.o 6.4 8.5 21.8 51.0 
Seed Yield of Each Species of Grass on the Moderately Dusted Area 
The average cover of Bouteloua gracilia in 1939 was 18.2 per cent 
which produced 2. 4 pounds of seed per acre (Table 35). In 1940 the 
cover was decreased to 13.9 per cent but the yield was 4.8 pounds of 
seed. The following year the limited number of splices that were able 
t o overtop the dense debris of Hordeum JlYSillum yielded 11.7 pounds of 
seeds per acre from. a cover of 29 . 9 per cent. 
The cover of Buchloe daotyloides on this area in 1939 was 4.4 per cent. 
but i t failed to produce seed, due to the absence of any pistillate plants . 
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In 1940 a cover of 4.5 per cent was nharted. It al so failed to produce tor 
the same reason as in 1939. In 194.J. a cover of 12.8 per cent yielded 2 
pounds or seed. This was the f'irst year· that pistillate plants were present . 
TABLE _J:JJ:.V. The average percentage basal cover and pounds of 
seed per acre of each species of grass in two 1-meter quad.rats on the 
moderately dusted area for 3 years. Hays, Kansas. 
1939 1940 1941 
Species 
Cover Yield Cover Yield Cover Yield 
Bouteloua gracilis 18.2 2. 4. 13.9 4.8 29.9 11.7 
Buchloe dactyloi des 4.4 o.o 4.5 o.o 12.8 2.0 
Sporobolus crypt andrus 0.7 o.o 0.4 o.o 0.6 o.o 
Total 23.~ 2.4 18.8 4.8 43.3 13.7 
Seed Yield of Each Species of Grass on the Lightly Dusted Area 
In 1939, Boutelo_y,g gracil!s, with an average basal cover of 26.l per 
cent, produced 2.8 pounds of seed (Table 36). The fol lowing year it yielded 
7.2 pounds of seed from 16.6 per cent cover. In 1941 a cover of 25.8 per 
cent yielded 32.1 pounds o:f seed per acre. It ,is significant tha.t duri:ng 
1941 the short grasses had to compete with Hordeum pusillum that averaged 
2,250 stems per square meter. 
In 1939, §.uchloe dactyloides, with a cover of 8.6 per cent, produced 
4.8 pounds of seed per acre. The following year 3.9 pounds were harvested 
from a 4.1 per cent cover. The next year 11.6 per cent cover yielded 4.2 
pounds of seed per acre. 
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TABLE :xnvI. The average percentage bas~ cover and pounds 
of seed per acre of each species of grass in two 1-meter quadrats 
on the lightly dusted area. for 3 years H<>ve K • ....., , e.nsa.s. 
1939 1940 1941 
Species 
Cover Yield Cover Yield Cover Yield 
Bouteloua gracilis 26.l 2.8 16.6 7.2 25.8 32.l 
Buchloe dactyloides 8.6 4.8 4.1 3.9 11.6 4.2 
Total 34.7 7.6 00.7 11.l 37 .4: 36.3 
Forbs of the Dusted Type 
The badly dusted area was devoid. of forbs during the study period. 
The other areas contained Malyastrwn coccine;um which failed to yield 
seed during the three successive years. 
Ruderals of the Dusted Ty:pe 
Badly Dusted Area 
In 1939, the production from an average number of 40 plants per 
square meter of Chenopodium was 9.9 pounds of seed and in 1940, 
304 plants :pro duced 91 pounds of seed per acre (Table 37). The follow-
ing year this species was absent. Hordeum. pusillµm was not present 
the first year. In 1940, however, an average of 2.5 plants produced 1 
pound of seed a.nd the following year 114 plants yielded 99 pounds of 
seed per acre. Lappula occidenj;alis produced 80 pounds of seed from an 
average of 22.~ plants in 1939. The next year 2 plants produced 8.8 
pounds of seed per acre. In 1940, Lepidiµm gensiflorum yielded 5 pounds 
of seed from an average of 2.5 plants. This was the only year this 
T ._,LB JIJ1..VI I . J- Y<:Jra~e nUr.1ber 01 _ uc erals per ;net er s _u ·e and 
pounf.s oi seed ""'er ac1·e of eac! species on 2 qu'lrre ts of eec. dus uC'u. 
a rec. fur 3 years, dlys, Kansas . 
Species 
B8dly dusted area 
C'lenopodium album 
iordeum pusillun 
Lappula occice talis 
Le >i di u. der si "lo ·u 1 
.fullu~o verttcillata 
Fanicun cr.1pi lle re 
Sop.~a innata 
Total 
Moder&tely usted Erea 
Cl- ·eno ,oc i u.~1 al burn 





Li Q1tly dusted are~ 
C'lE'mopodi ..un album 
?estuca octc,flora 
.tle deoma , ispida 
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species was present in the area.. The only year Panicu..rn canillare produced 
seed was in 1941 when 30 plants yielded 18.8 pounds per acre. In 1940, 
Sophia oJ,.p.nata produced at the rate of 2 pounds of seed per acre from 2 
plants per square met er. 
Mo dera·~ ely Dusted Area 
In 1939, 8 plants of Chenopodilpl produced 2.7 pounds of seed. 
The following year the production from an average of 1.5 plant per meter 
was 1 pound of seed. Du1~1.ng both years the plants were approximately 6 
inches in height. With a caryopses count of 18 per hundred florets, 
Hordeurn pusill:gm produced 94 pounds of seed from 300 spikes in 1939. The 
:following year the same nUl'llber of spikes produced 161 pounds of' seed and 
the last year 2,250 spikes produced 616 pounds of seed per acre. In 1939, 
L~uuula occidental~ produced 23. 6 pounds of seed from an average of 57. 5 
plants per meter. The :following year 40 plants produced 38 pounds. The 
only year Salsola pestifer produced seed was in 1940 when an average of 
3.5 dwarf plants yielded 13 pounds per acre. 
Lightly Dusted Area 
In 1939, Chenooodium produced 3.5 pounds of seed from an average 
of 11.5 plants per meter. The following year 17.5 plants produced 9.6 
pounds of seed per acre. The plants during this year were scarcely more 
than 6 inches high and many failed to produce seed. In 1940, Festuca 
octoflora produced 1 :pound of seed from 7 plants. During 1939, HordeWD; 
pusillum produced at the rate of 21.3 pounds of seed per acre from 60 
The followi~~ year 95 snikes yielded 57.5 pounds of seed spikes per meter. ¥ 
and in 1941, 2,750 spikes produced 771 pounds per acre. 
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In 1939, Lappula occidental is yielded 31.l pounds of seed from 110 
plants. The !'ollomng year 150 plants produced 56 pounds of seed. The 
only year LepidilJl!! densitlorum produced was in 1940 when 6 plants yielded 
9 pounds of seed. This same year 5 plants per square meter of Sophia 
Pinnata produced at the rate ot 6 pounds of seed per acre. 
SEEDLINGS ON DlFFERENl' TYPES 
The information gathered from the study of' seed yields, shows that 
mo st prairie species produce large quantities of seed. A number of these 
seed were no doubt sterile. Blake ( 1935) states that viability of most 
f'orb seeds was less than 15 per cent, ~l though in some speci es it was 
at least 50 per cent. Fultz (1936) states that certain range grasses 
give 70 to 90 per cent ge:rmint1tion. Many of the seeds that germinate and 
grow, fail to produce mature plants. The mortality rate among seedlings is 
controlled by various factors of the habitat. 
In this study the seedlings present in each area were charted in June, 
1939. The same areas were again studied in June, 1940, and 1941, at which 
tim.e dete:rminat ion was made of the seedline; survival from the previous year 
and also the number of new seedlings present for the current year. The 
final study was made during the summer of 1942 to detennine the survival of 
seedlings from 1341. 
Short-grass Type 
No seedlings of perennial grasses· were found in this habitat during 
either of the three years. Two seedlings of Psoralea :t;enuiflora were the 
only forbs :present in June, 1939. Both survived the drought of that year 
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and became permanently established in this location. In 1940 this area 
failed to yield a single seedling. In 1941, however, eight seedlings were 
present in this area, only one of which survived. One seedling of Malvastrum 
coccineJJlll and tour seedlings or Opuntia humifµsa perished in the July drought. 
Ot the three Psoralea. tenuiflora charted in 1941, only one survived until 1942. 




There were 36 grass seedlings charted on this type in 1939. One was 
Androuogon scongriY£!, 23 were Bouteloua curtipendula, 8 were ~. hi:rsuta, and 
4 were §porobolµs pilosus. Enough soil moisture was available tor gennination 
and growth from April to the middle of J"uly. During the latter part of July 
and all of August, however, soil moisture wa-s deficient. Associated with 
the drought were myriads of grasshoppers that devoured the tender seedlings. 
The combined effect of drought and grasshoppers resulted in the death of all 
grass seedlings. The low seedling :population of 1940 was evidently due to the 
low seed yield :produced during the dry season o:f 1939. 
In 1940. ten seedlings were charted; nine were Boutelou,a curtipendµla 
and one was ~- hirsuta. .All nine of' the Bouteloua curlin endule. succumbed 
to environmental factors. The one ~- hi~ seedling became establis!led and 
was present in June, 1941. At this time it had increased to a diameter of 
approximately two inches. In August, 1942, it had increased its basal cover 
to approximately three inches in diameter. Increased precipitation in 1941 
greatly increased the number of seedlings of prairie plants. Of the 190 
T.ABLE XXlCVIII . }Tumher of seedlin0 s present in 4 ete.,.. qullc'r&ts of tJ-1e s, ort - rt.ss type and 
number s'.lrvi vin · ea.cl veer for three yes rs . I&ys , Kanss.s . 
Species 



















Numt er Number lh,1:m, ,er Iumber 
presc".lt survived TJresent surviwd 
1 0 1 0 
4 0 4 0 
3 1 5 3 
8 1 10 3 
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grass seedlings ~harted, 112 were Bouteloua ~urtipendula, 75 were ll• hirsuta, 
and only three we:re Sporobolus pilosus. When charted in August, 1942 , 14 
of the Bouteloua curtipendula seedlings had survived. The diameter of these 
year-old plants varied from l to 2.5 inches. Of the 75 seedlings of~-
hirsuta, 52 survived and measured approx1mately one t o two inches in 
die:meter. The two su:rvivi:ng Sporobolus pilosus plants had a basal diameter 
of approxima.tely two inches (Table 39). 
Forb Seedlings on Upper Slope 
Thirty forb seedlings were charted in 1939, of which, 12 were Cheirinia 
aspera, one was Echinacea ,angustifolfa, one was !J.thospermum linea.rifolium., 
ten were Lesguerella ovalifolia. three were Liatris punctata, two were Thel-
osperma gracile, and one was Tetraneuris stenophylla. When charted in 1940, 
only two Chei;ri.nia asperti and one l,,iatris pµnctata had survived (Table 39). 
Rodents ha d destroyed numerous seedlings by gnawing t hem off below the 
surface of the ground. Grasshoppers fed on the small seedlings and often 
destroyed many of them. These adverse biotic and cl imatic factors reduced 
the number of seedlings to almost nil. 
In 1940, 568 seedlings were charted and 118 o:f these were present the 
following year. Thia number was distributed among 16 dif'fer ent species but 
Cheirinia aspera was present in far greater numbers than were any of the 
others. 
In June, 1941, a total of 245 seedlings were found. Of' this number 
84 were present in the summer of 1942. The relatively small number of forb 
seedlings in 1941 was due primarily to the high rate of mortality of 
TABLE XXXIX. Number of seedlings present in 4 meter quadrats of the little bluestem 
type on the unoer slope and the number surviving each year for 3 years. Hays, Kansas . 
Species 1~39 1940 1941 Total 
Nwnber Nurn.ber Number Nwnber Number Number Number Number 
uresent survived gresent survived 12resent survived 12resent survived 
GRASS 
AnQropogon scoparius 1 0 0 0 0 0 1 
Bouteloua curtiuendula 23 0 9 0 112 14 144 14 
Bouteloua hirsuta 8 0 1 1 75 52 84 53 
Sporobolus pilosus 4 0 0 0 3 2 7 2 
Total 36 0 10 1 190 68 2.36 69 
FORBS 
Asclepias uumila 0 0 10 6 1 0 11 6 
Arenaria texana 0 0 0 0 1 1 1 1 
Cheirinia aspera 12 2 469 93 2 0 483 95 
Echinacea angustifolia 1 0 12 2 5 4 18 6 
Gutierrezia sarothrae 0 0 0 0 3 3 3 3 
Galpinsia lavandulaefolia 0 0 0 0 0 1 0 1 
Hymenopappus corymbosus 0 0 2 1 0 0 2 1 
Lithospermum linearifolium 1 0 4 3 39 2 44 5 
Lesquerella ovalifolia 10 0 11 3 4 1 25 4 
Liatr1s punctata 3 1 4 1 8 3 15 5 
Meriolix serrulata 0 0 9 2 136 58 11~5 60 
Psoralea tenuiflora 0 0 6 4 2 1 8 5 
Thelesoerma gracile 2 0 19 3 35 11 56 14 
retraneuris stenophylla 1 0 1 0 3 0 5 0 
benecio plattensis 0 0 1 0 3 0 4 0 
Scutellaria resinosa 0 0 0 0 2 0 2 0 
Total 30 3 568 118 245 84 823 205 
'° °' 
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Chei*inia aspera. Other torbs, espeoi AUJi!Jl!l~ 
IS. .:..a,-~·~...L:1:....-W.\!&, 
ioli serrule,tA, and Thelespermu ~....:::-~, were pre ent in renter n b ro 
i n 1941 than in 1940. Th unusu ly wet spri of 1942 w s conducive to th 
develo ment of cert inf 
o rganism. 
i and ey s edli ,s w re destroyed by thi 
Total Seedli a on Middle Slope 
eedli s vere less n e us in t s locuti;.in than on th up er slo 1 a. 
This s doubtless due to th gre, ter basul cover or gra,ises on t mid-slop • 
Grass Seedli on Mid e lopo 
Only one Boutelou9, oµrtipendul!i seedliDe 
1939, and it failed to survive. In l 40, t 
found lot a re in 
8 
were charted nd bot lived. The allowing y r on b no w s pproxim'itely 
on inch ind m ter and the other about two inches 1n diameter. on 
c rted in 1942 both bunches had ncre, s d to about thr nches in di met r. 
In l 41, 29 seedlin~s were present. Three Bout.fil_<t curtipendu.11 nntl one!• 
=.-..:::.-::..:a had survived when chflrted the following ye r. The bunch o of~-
curtipendul.A. ranged from one to two inches in d met r t:1nd that of 
lt• h1rsutu ne:irly three inch s in di eter. Th bunch s in the op n sp c a 
inc eased in size ore rapidly, th n t1 d those in olo e proxi ty tom tur 
gr1;1ssee (Table 40). 
Forb Seedlin.;s of iddle lope 
Only three seedlings, tv.o Cneil"ini11 ,aper, and one -=~.--. er-
present in the a ea. in 1 39. The~ se dling w a th only one to surv1 
TABLE XL. Number of seedlings present in 4 meter quadrats of the little bluestem typ:? 
on tne middle slope ana the number surviving each year for 3 yeors . Hays, Kansas . 
1939 1940 1941 Total 
Species 
Number Number Number Number Nwnber Nwnber Number Number 
present survived uresent survived present survived present survived 
GHASSFS 
Bouteloua curtipendula 1 
Bo.uteloua hirsuta 0 
Total 1 
FOHBS 
Asclepias pu.mila 0 
Amorpha canescens 0 
Cheirinia asp~ra 2 
Echinacea an~1stifolia 0 
Kuhnia glutinosa 0 
CPlc 0 o~"ria verticillata 0 
LlE, L,r.i..s punctata 0 
Tragia ra.mosa 0 
Psoralea cuspidata 0 
Morongia uncinata 0 
Petalostemon uurpureus 0 
Psoralea tenuif'lora 0 
Psoralea tenuiflora 0 
Senecio plattensis 0 
'I'etrc1.neuris stenopnylla 0 
Thelesperma gracile 0 





















































































































































(Table 40 ) . In 1940, 188 seedlings were found but only seven survived 
until the :following year. Of t he 85 seedlings found in 1941, 32 were alive 
the next year . 
Seedlings of Lower Slope 
The basal cover on this area v.1a.s considerably less than on the middle 
slope . Hence the seedlings were more numerous. 
Grass Seedlings Of Lower Slope 
In 1939, five grass seedlings were present in this area. Three were 
Bout eloua curtinendula and two were 12,. hirsuta. All failed to survive 
the f'all drought of this year. In 1940, 44 seedlings were charted and 15 
were present the following year. Of the 26 Bouteloua curtinendula only 
f our lived. The bunches ranged from 1 to 2 inches in diameter. By August, 
1942, they had increased to around 2 to 3 inches in diameter. Of the 18 
Bouteloua hi't'sutia seedlings found in 1940, 11 were alive the following year. 
They had gro-,m to a diameter ranging from 1 to 3 inches. By 1942 they had 
increased to 2 to 4 inches in diameter (Figure 17). 
In 1941, 185 seedlings were charted but only 19 survived until August, 
1942. The high mortality rate was due to the greo.t increase in the basal 
cover of Andropogon furcatus, which over-topped the grass seedlings. 
8 3 Bouteloua cµr:tipendula seedlings only seven survived. The bunches 
r anged from • 5 to 1 inch in diameter. Of 12 12,. ifacilis seedlings, 2 
or 
survived and were approximately 2 inches in diameter. From 90 ~- hirsute. 
seedlings, ten survived and the plants ranged from one to two inches in 
diameter (Table 4-1). 
TABLE XLI. Number of seedlings present in 4 meter quadrats of the a tt~ f bluestem 
type on the lm,er slope anct the number surviving each yPar for 3 years. Hays, Kansas . 
1932 1940 1941 Total 
Suecies Number Number Number NuJn ber Number Number Number Number 
present survived present survived :erest=mt survived present survivEd 
GRASS 
Bouteloua curtiuendula 3 0 26 4 83 7 112 11 
Bouteloue gracilis 0 0 0 0 12 2 12 2 
Bouteloua hirsuta 2 0 18 11 90 10 110 21 
Total 5 0 44 15 185 19 234 34 
FORBS 
Aster multiflorus 0 () 6 0 10 3 16 3 
CheiriniE aspera .30 8 81 34 3 0 114 42 
Cirsiur1 undulatum 0 0 0 0 2 0 2 0 
Ecninacea angustifolia 1 0 7 3 28 8 36 11 
Liatris punctata 1 0 u 0 5 1 6 1 
eriolix serrulata J 0 0 0 11 4 11 4 
Psoralea tenuiflora 1 1 4 1 7 3 12 5 
Senecio plattensis J 0 0 0 1 ') 1 0 
Scutelleria resinosa 0 0 0 0 4 3 4 3 
Trap;ia r~osa 0 0 0 0 2 1 2 1 
Thelesnermo. graci 1 " 'J 0 4 3 13 7 17 7 
Ratibida columnifairis 0 0 0 0 4 4 4 4 
Ase ...... cp_,_, s .1: _ • 7 1 0 0 0 0 0 1 0 _ ..L 
Ascleuiodora d°C U bPll.S () 0 1 0 0 0 1 0 
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FIG. 17. A representative quadrat of each species of grass 
seedlings charted in little-bluestem type for 3 years. The number 
and basal cover of each seedling surviving the following year is 
also shown. 
Forb Seedlings of Lower Slope 
In 1939, 34 seedlings were present but only nine survived. Of 30 
Cheirinia aspera seedlings, eight survived. The seedling each of 
Echinacea angustifolia. Liatris punctata and Asclepias pµmila failed to 
live. However the lone seedling of Psoralea tenuiflora was still living 
the following year (Table 41). In 1940, 103 seedlings , comprising seven 
different species, were charted and 41 were present the following year. 
Ninety seedlings were present in 1941, 34 of which became established 
and were 11 ving the following year. 
During the period of study, the greatest number of grass seedlings 
was on the upper slope, next greatest on the lower slope and lea st on the 
middle slope. The mortality rate of seedlings for the upper, middle, and 
lower slope was 28, 19, and 15 per cent respectively. 
The number of forb seedlings for the study period on the upper , middle, 
and lower slope was 843, 276, and 227 respectively. The average per cent 
that survived on the three slopes was upper slope, 24 per cent, middle 
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slope, 15 per cent, and the lower slope, 37 per cent. 
Seedlings of Revegetation Type 
The number of seedlings charted on the Buchloe dactyloides area, was 
limited to a few species of forbs. During the fir~ year, seedlings were 
absent in this area. In 1940, five seedlings were charted but only one 
survived. All of the 3 Cheirlnia asper~ perished. 0:f' the two Psoralea 
tenuiflora seedlings one was present the following year. In 1941, five 
seedlings were charted and all five were still living in August, 1942. 0:f' 
this number, four were Psoajea tenuif'lora and one was Astragalus ~-
ianus (Table 42). 
The number of seedlings of the Sporobolus c:ryptaponrn area was con-
fined to mostly grass seedlings. In 1939 seedlings were entirely absent 
in this area. In 1940, 37 Sporobolµs cmtandrus seedlings were charted 
and only 2 survived. The following year ~hese seedlings had grown to l 
to 2 inches in diameter (Figure 18). In 1942, thev had made but slight 
increase, due to the enormous n~bers of Am,brosia psilostachya that over-
topped them. In 1941, two seedlings of Bouteloua gracilis and 13 of~ 
obolus cry;ptandrus were charted. Of these only one Spo:robolµs cryptandrus 
seedling survived. When charted in 1942, it had increased to approximately 
l inch in diameter. 
Seedlings of Dusted Type 
The :principal seedlings charted for this a.res. during the :period of 
TA3LB XLII. Num½er of seedlings in 3 meter quctdrats of each a.rea on the reve;;etation type e.nd number 
surviving each year for 3 years. Hays, Ke.nsa.s. 
1939 1940 1941 Total 
Area Species Number number Huraber l!u·,ber Eumber 1iumber Number l·umbe1 
present survived ,resent survived pr_esent survived present survi, 
Cheirinia aBpera 0 0 3 0 0 0 3 
Buchloe Psoralea tenuiflore. 0 0 2 1 4 4 6 
doctyloides Astra ;,a lus shortianus 0 0 0 0 1 1 1 
Total 0 0 5 1 5 5 10 
Bouteloua ~rac ilis 0 0 0 0 2 0 2 
Sporobdus Sporobolus cryptandrus 0 0 37 2 13 1 50 
cryptandrus Verbena bipinrn,tifida 0 0 1 0 0 0 1 
Total 0 0 38 2 15 1 53 
.. 
•• ;·.-:··=!: 0 





Estobltshed plants of Sporobolus cryptondrus 
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FIG. 18. A rq>resentative quadrat of each species of grass 
seedling charted in revegetation type for 3 years. Heys, K8 nsas. 
The nun1ber and basal cover of each surviving seedling the follow-
ing year is also shown. 
study were grass seedlings. Two MryJvastrUljl coocineliJl seedlings were 
charted on the moderately dusted area in 1941 and both were present in 
1942. 
Grass Seedlings of Dusted Type 
Badly Dusted 
The badly dusted area produced three Bouteloua gracili$ seedlings in 
1939. .All these plants were absent when charted the next year. In 1940, 
18 Bouteloua gracilis and t-wo SporoboJ..us cryptarul,:r..'-U?. seedlings were present. 
Both .§.. crvptandrue seedlings perished and only two 3outeloua gracili,,ft 
seedlings survived. In 1941 they had increased to bunches approximately 
l inch each in diameter. By 1942, each bunch had increased to approxi-
mately 2 inches in diameter. In 1941, 67 Bouteloua gracilii:: seedlin~s were 
charted. The following year 15 of these had survived and they were present 
in little bunches approximately l inch in d18llleter (Table 43). 
Moderately Dusted 
The moderately dusted area failed to yield seedlinBs in 1939. In 
TABLE XLIII . Number of seedlings present in 4 meter quadrats of each area in 
the dusted type and the number surviving each year for 3 years . Hays , Kansas. 
1939 1940 1-)41 Total Species 
Number Number Number Number Number Number Nwnber Number 
present survived present survived present survived present survi~ 
BADLY DUSTED Ah~A 
Bouteloua gracilis _ 
Sporobolus bryptandrus 
Total 





























































































1940 , however, 46 Bouteloua graoilis and 20 B~ohloe dactyloides seedlings 
were charted (Table 43). Only 2 · of the Buchloe seedlings were living the 
following year. One bunch was approximately four inches in diameter in 
1941. The following year it bad increased to approximately 22 inches in 
diameter (Figure 19). The other qunch was around two inches in diameter 
in 1941, and had increased to approximately 11 inches in diameter the fol-
lonng year. The 12 seedlings of Bouteloua ,gracilis that survived ranged 
in bunches from one to six inches in diameter. The large bunches were 
formed by the union of several seedlings through growth. By 1942 these 
large bunches were approximately 10 inches in diameter and the bunches 
:formed from a single seedling were approximately 3 inches in diameter. 
The only grass seedlings charted in 1941 were three or Bouteloua gracilis 
which failed to survive. The low nUJJlber of seedlings in this area in 
1941, was due to the debris of Hordeum. pusillum that covered the surface 
of the soil. The few seedlings that were produced were eaten by grass-
hoppers. 
Lightly Dusted 
The lightly dusted area failed to produce seedlings in 1939. In 
1940, however, there were 26 Boutelou.a gracilis and 12 Buchloe de.ctyloi_cl,es 
seedlings present (Table 43). Six of each species were alive the following 
year. The l3outeloua gracilis seed.lings had grown into bunches ranging 
from 1 to 2 inches in diameter (Figure 20). By 1942, they had increased 
to 2 to 3 i nche s in diameter. Two of the Buchloe dactyloides seedlings of 
1940 had united to form an area approximately 4 inches in diameter. This 
lCYi 
bunch had increased to nearly 12 i nches 1·n di t b A ame er y ugust, 1942. The 
1940 1941 1942 
Seedlings of Buchloe dactylo ,de s : -.· · • Es l obllshed plon •s of Buchloe dacl yloldes 
• Seedlings of Boule louo grocilis 
FIG. 19. A r epresentative quadrat of each species of grass 
seedlings charted on moderately dusted area for 3 years. Hays, Kansas. 
The number and basal cover of each surviving seedling is shown. 
194 1 1~94 2 - . l 0 C 0 0 *) :o 
! I 
• Seedl ings of Bo_u,elouo gro ci lls Establ ished plant s of Boutetouo gr ocil ls * Seedl ing s of Buchl oe doclyloi de s 
FIG. 2.0. A representative quadrat of each species of grass 
seedlings charted on lightly dusted area for 3 years. Hays, Kansas. 
The nUJI1ber and basal cover of each surviving seedling is shown. 
other seedlings of Buchloe dactyloides produced in 1940, b.ad increased to 
a bunch approximately 2 inches in die,meter the follov.-ing year. By 1942 it 
was nearl y 4 inches in diameter. 
Two Bouteloua gracilis seedlings were charted in 194.l but both tailed 
to survive. The thick growth of Horde\11\ pusillum, in 1941 of:fereo too 
much competition for light. 
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The purpose or this study was to determine variations in growth, 
eeed yield, and seedling production of native prairie plants i~ 
various habitats of the mi~e d ·~rairie, during the seasons of 1939, 
1940, and 1941. 
The study was ma.de during three years that w~re extremely var-
iable in climatic conditions. Precipitation during 1939 was 7 .84 
inches below normal. In 1940 it was approximately nomal, and in 
1941 it was 4.44 inches above normal. 
The mean annual temperature for 1939 was 3.1 degrees F. above 
normal; in 1940, a.pproxinlately nomal, and in 1941, only 1. 2° F. above normal. 
Water content or soil correlated closely with precipitation. 
During the summer and fall of 1939 no soil moisture was available for 
plant growth in the upper 3 feet of soil. In 1941 soil moisture was 
available in only the upper 2 feet of soil, except July and August 
when it was more available to plant growth in the upper 6 inches. In 
1941 it was available to plant growth in the upper 3 feet of soil 
every month, except July, when it was now available to plant growth in 
the upper 12 inches of soil. 
All types of vegetation suffered greatly during the fall drought 
of 1939. The more xeric species, however, suffered least. During the 
wet season o:r 1941 most species more than regained their loss of the 
previous two years. 
On the short-grass type ]:wchloe dactyloides suffered more reduction 
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i n basal cover from the 1939 drought than did Boyteloua gracilis. When 
moisture was present in 1941, however, Buchloe daotyloides increased 
f ar more rapidly than did Boutelo~ gracilis. 
Ot the forbs on the short-grass type, Malvastrum. coccineum increased 
in number during the 1939 drought. Pso:ralea tenuif~ held its own 
:f'ai 1."ly well. 
Bouteloua curtipendula suffered less from drought than any species 
of grass on the little-bluestem type. Androuogon furcatus suffered the 
greatest loss. 
Du.ring the wet season of 1941, fu:rcatus made a greater 
increase in cover t:Oan did the other species on the little-bluestern. type. 
In the big-bluestam type, Sporobolus hookeri increased in number 
o:f' steins per unit area each season during the period o:f' study. All other 
species suffered a loss during the dry season of 1939. 
Buchloe dactyloides suffered a greater loss of basal cover than did 
Bouteloua. gracilia on the dusted type. Buchloe lactyloides increased 
more rapidly during the wet spring o:f 1941. 
Sporobolus cryptandrus showed an average caryopses count of 94 per 
hundred florets during the period of study. This was the highest of all 
species. 
Bouteloua, hirsuta produced an average of 30 caryopses per hundred -
florets, the highest average for the more important short grasses. 
s porobolus cr;vptandrus was the only species of grass that gave a 
h d Of 1939 Most of the other species high seed yield during t e ry summer • 
y ielded a small amount and many none at all. 
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The only forbs that :produced any amount of seed in 1939 were 
Cheirinia aspera, Echinacea angustifolia and Meriolix serrulata. During 
the wet season of 1941, most all species produced a considerable amount of 
seed. 
Horderm pu.sillun yielded the most seed of' all ruderals. In 1941 
it produced 771 pounds of seed per acre. In one case a meter quadrat 
produced 9000 stems. 
The mortality of seedling:3 was enormous during the extrooie drought 
of 1939. The only seedlings able to survive were a few Psoralea temli-
flora and Cheirinia asnera. 
The grass seedling w1 th the lowest mortality rate during the season 
of 1940 and 1941 was Boutelo~ hirsuta. 
Forb seedlings with low mortality were Thelesoe:rma gracile, ~-
angustifolia, Meriolix serrulata and Ratibida columnaris. 
Even in normal seasons the mortality of most seedlings is fairly 
high. Drought, insects, and competition from mat. ure plants reduce the 
chances of surviving. 
This study indicates that growth, seed yield and seedling production 
correlated very closely with the amount of available soil moisture during 
the season o:f growth. 
lll 
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